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PREFACE. 


As  the  boundaries  of  Science  extend,  the  Discoveries  and 
Curiosities  it  develops  extend  also;  and  a^  these  boundaries 
have  of  late  years  been  extended  in  every  direction,  it  is 
become  impossible  ifbr  th^  great  body  of  mankind,  or  indeed 
for  any  one  who  does  not  professionally  surrender  the  whole 
of  his  life  to  literary  pursuits,  to  follow  up  and  store  in  his 

memory  the  tntiltiplied  facts  or  discoveries  of  an  amusing, 
interesting,  or  extraordinary  nature,  which  have  hence  been 
laid  open,  and  are  daily  growing  before  us. 

A  correct  and  comprehensive  Repository,  therefore,  of 
irhatever  is  chiefly  valuable,  and  has  chiefly  a  claim  upon 
the  public  attention,  of  whatever  is  intrinsically  curious, 
wonderful,  or  in  liny  other  way  imprcssivci  derived  from  the 
vast  theatres  of  Nature  and  Art,  as  they  are  at  present 
unfolded  to  us ;  if  selected  with  a  judicious  and  discriminating 
band,  from  the  immense  mass  of  matter  at  this  moment 
before  the  worldi  in  the  various  physical  and  philosophical 
Transactions,  Journals,  and  Memoirs,  the  Ephemerides, 
JlmanUates,  and  Miscellanea  Curiosa,  of  our  own  and  other 
countries,  cannot  fail  of  becoming  an  object  of  public  atten- 
tion and  patronage ;  as  peculiarly  adapted  to  the  public 
want,  and  as  combining  a  rich  variety  of  elegftnt  amusement, 
with  the  most  valuable  specimens  of  scientific  pursuit.  ' 

With  this  feeling  the  Proprietors  of  the  present  work 
(X>mmenced  it  nearly  two  years  ago,  and  fully  offered  their 
views  upon  the  subject^  in  a  brief  Prospectus  accompanying 
VOL  I.  a 
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the  First  Part,  And  now,  that  the  work  is  cofnpletetl,  they  can 
conscientiously  appeal  to  the  public  at  large,  whether  they 
have  not  in  every  respect  fulfilled  the  promise  then  made,  and 
produced  a  Miscellany  at  once  elegant  and  systematic^  scien-* 
tific  and  entertaining  ;  replete  with  nearly  the  whole  wealth 
of  Natukb  and  Art,  and  therefore  fully  entitled  to  be  de- 
nominated their  general  Museum  or  Gallery.  They  tniat^ 
that  they  may  equally  point  to  the  termination^  and  to  the 
opening  of  the  present  work^  in  proof  that  its  direct  scope  is 
to  furnish  u  Literary  Conservatory  of  Rare,  Curious^  and 
Interesting  Productions,  derived  from  all  quarters,  and  from 
all  ages  of  the  world ;  from  every  branch  of  science  so  far  as 
it  can  be  rendered  popular^  and  from  every  department  of 
research  and  discovery;  from  the  most  approved  works  of ^ 
Travels  and  Antiquities;  of  Topography  and  general  Geo- 
graphy ;  of  Fossils  and  Mineralogy  ;  of  Natural  History  and 
Physiology ;  of  Chemistry  and  Mechanics. 

The  sanction  of  mankind^  indeed,  has  already  been  given 
to  a  variety  of  valuable  productions  formed  upon  a  basis 
somewhat  similar ;  several  of  which,  however,  have  been  so 
long  composed,  as  to  become  equally  antiquated  and  errone- 
ous in  the  progressive  path  of  Science ;  while  others,  defici* 
ent  in  knowledge  or  judgment,  have  been  too  generally 
drawn,  with  little  or  no  discrimination,  from  wonders  and 
curiosities  that  have  never  existed,  and  exhibit  rather  a 
world  of  fiction  than  of  fact ;  or  have  lost  all  claim  to  autho- 
rity, from  a  vain  adoption  of  the  editor's  language  and  opi- 
nions instead  of  the  language  and  opinions  of  the  established 
sources,  from  which  he  should  have  quoted. 

Next,  therefore,  to  the  extensive  research  which  the  pre- 
sent volumes  will  be  found  to  offer ;  a  research  far  exceeding 
what  has  ever  been  attempted  before ;  and  the  systematic,  yet 
easy  and  familiar  method  in  which  they  are  arranged « it  is  their 


first  and  peculiar  Glum,  that  they  may  be  depended  upon  ai 
frimafy  auihorUia  ;  every  section^  as  far  as  it  has  been  pos- 
sible, being  directly  copied,  in  order  to  avoid  endangering 
the.fuxmracy  or  integrity  of  an  approved  writer^  from  his  best 
printed  edition^  without  intermediate  transcription  or  muti«* 
lation  of  any  kind.  For  the  sake  however  of  connexion  and 
condensation,  it  has  occasionally  been  found  necessary  for 
the  Editor,  as  be  has  proceeded,  to  fill  up  various  chapters 
with  observations  of  his  own,— -observations  which  it  is 
hoped  will  in  many  instances  be  found  among  the  most 
valuable  parts  of  the  work  ;  but  such  sections  or  passages 
have  been  carefully  distinguished  from  th^  rest ;  nor  have 
the  words  of  the  original  authors  been  ever  deviated  from^ 
excepting  on  a  few  occasions,  where  brevity,  a  style  peculiarly 
uncouth,  or  some  other  necessity,  has  rendered  an  alteration 
necessary,  of  which  sufficient  notice  is  given  to  the  reader  at 
the  time. 

It  may  be  permitted  to  the  Proprietors  to  observe,  that 
the  extent  to  which  this  plan  has  been  carried,  has  led  them 
mtoan  expence  and  personal  kbour,  far  beyond  what  they  had 
any  idea  of ;  but  they  have  readily  and  cheerfully  persevered,  as 

« 

well  out  of  deference  to  the  judgment  and  zeal  of  the  enlight- 
ened Editor,  whose  recommendations  they  have  in  every  in- 
stance approved  and  adopted,  as  from  a  full  persuasion  of 
an  ample  reward  in  the  approbation  and  patronage  of  their 
countrymen. 

The  next  prominent  feature  in  the  present  work,  to 
which  they  are  desirous  of  calling  the  attention  of  the  Public, 
is  the  number  and  intrinsic  excellence  of  the  Plates,  with 
which  it  is  so  richly  adorned ;  and  which,  they  trust,  will  be 
found  to  exalt  the  Gallery  of  Nature  and  Art  above 
every  prior  or  similar  attempt,  in  no  less  a  degree  than  tho 


extent,  variety,  sound  judgment,  and  authority  of  its  mattei^; 
With  a  few  exceptions,  for  in  several  instances  it  has  been 
absolutely  necessary  to  givestrict  copies,  thePIates  now  offered 
are  from  original  drawings,  expressly  designedj  and  of  course 
expresdly  engraved  for  the  present  work :  and  it  is  perhaps 
only  necessary  for  the  reader  to  examine  intrinsically  and 
attentively  this  highly  ornamental  and  beautiful  part  of  the 
volumes,  to  see  at  once,  that  the  general  execution  as  well  in 
designing  as  in  engraving,  is  from  the  hands  of  some  of  the 
most  approved  Artists  of  the  present  day,  to  whom  no  Ies9 
than  to  the  Editor,  the  Proprietors  feel  bound  in  justice  to 
acknowledge  their  sincere  obligations. 

AW.  1814. 
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CHAPTER  I. 


ASTRONOMt    OF    THF    ANCIENTS    BEFORE    THE     FOUN- 
DATION OF  THE  ALEX'ANORIAX  SCHOOL. 

xjLcontrmplation  *of  the  Heavens  must  at  all  times  have 
filed  the  attention  of  mankind ;  and  especially  in  those  happy 
climates  where  the  serenity  of  the  atmosphere  invited  them  to  ob- 
serve the  Stars.  Ag^ricultnre  required  that  the  seasons  should  be 
distinguished  and  their  returns  known.  It  could  not  be  long  before 
H  was  discovered  that  the  rising  and  setting  of  the  stars,  when  they 
plange  themselves  in  the  Sun's  rays,  or  when  they  again  disengage 
themselves  from  his  light,  might  answer  this  purpose.  Hence  we 
findr^  that  among  most  nations  this  species  of  observations  may  be 

*  Thii  chapter,  extracted  from  La  Place,  if  given  as  nearly  as  may  be  from 
tlM  translation  of  onr  own  Astronomer  Royal ;  but  the  numeroas  and  nnac- 
couBtable  errors  of  this  translation  have  compelled  ns  to  a  perpetual  collation 
wifb  tlM  original,  and  to  alteimtions  in  every  page.— Editor. 
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traced  back  to  such  early  times,  till  their  origin  is  lost.  But  some 
rude  remarks  on  the  rising  and  seUing  of  the  stars  could  not  con* 
stitute  a  science.  Astronomy  dH  not  commence  till  obsenrations 
being  registered  and  compared,  and  the  celestial  motions  examined 
with  greater  care,  somf  attempt  was  made  to  explain  their  motions 
and  their  laws. 

The  motion  of  the  sun  hi  an  orbit  inclined  to  the  equator;  the 

motion  of  the  moon,  its  phases  and  eclipses ;  a  knowledge  of  the 

planets  and  their  revolutions,  and  ot  the  sphericity  of  the  earth, 

were  probably  the  objects  of  this  ancient  astronomy,  but  the  few 

monuments  of  k  that  remain  are  iosuflkieot  to  ascertain  either  its 

epoch  or  its  extent*    We  can  only  judge  of  its  great  antiquity,  by 

the  astronomical  periods  which  it  has  transmitted  to  us,  by  some 

just  notions  which  the  Egyptians  and  Chaldeans  seem  to  have  had  of 

the  system  of  the  world,  and  by  the  exact  relation  of  the  ancient 

measures  to  the  circumfeienoe  of  the  earth.    Such  has  been  the 

vicissitude  of  human  aflfirirs,  that  that  of  the  arts  which  could  alone 

transmit  the  events  of  past  ages  in  a  durable  manner,  being  of  mo* 

dem  invention,  the  remembrance  of  the  first  inventors  has  been 

entirely  effaced.    Great  nations^  whose  names  are  hardly  known  in 

history,  have  disappeared  from  the  soil  which  they  inhabited  ;  their 

annals,  their  language,  and  even  theur  cities  have  been  obiiteratedy 

and  nothing  is  left  of  their  science  or  their  industry,  but  a  confused 

tradition,  and  some  scattered  ruins,  of  doubtful  and  uncertain 

origin. 

It  appears  that  the  practical  astronomy  of  these  early  ages,  was 
confined  to  the  observations  of  eclipses,  the  rising  and  setting  of  the 
principal  stars,  with  their  occultatious  by  the  moon  and  planets. 
The  path  of  the  sun  was  followed  by  means  of  the  stars  which 
were  eclipsed  by  the  twilightSj  and  perhaps  by  the  variations  in  the 
meridian  shadow  of  the  gnomon.  The  motion  of  the  planets  was 
determined  by  the  stars  whidi  they  came  nearest  to  in  their  course. 
To  distinguish  these  bodies,  and  recognixe  their  various  motions^ 
the  heaven  was  divided  into  constellations.  And  that  sone  from 
which  the  sun,  moon,  and  planets,  were  never  seen  to  deviate,  was 
called  the  zodiac.  It  was  divided  into  the  twelve  following  con* 
steUations:  Aries,  Tkurus,  Gemini,  Cancer,  Leo,  Virgo,  Libia, 
Scorpio,  Sagittarius,  Capricomus,  and  Pisces.  These  were  called 
Signs,  because  they  served  to  distinguish  the  seasons*  Thus  the  en- 
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tnuice  of  the  Mm  into  AiieSp  b  the  tune  of  Htpparchos,  marked  the 
commencement  of  the  spring  nfter  which  it  described  the  other 
■^nty  Tmums,  Gemini^  &c  but  the  retrograde  motions  of  the  equi* 
noxeSy  changed  the  coincidence  of  the  seasons ;  nevertheless,  ob- 
servers accustomed  to  mark  the  commencement  of  the  spring  by 
the  entrance  of  the  sun  into  the  sign  Aries,  liave  continued  to 
cbancterise  thu  season  in  the  same  manner,  and  have  distinguished 
the  signs  of  the  zodiac  firom  the  constelhitions,  the  first  being  ideal, 
and  serving  onlj  to  dengnate  the  course  of  the  sun  in  the  ecliptic. 
Now«  however,  that  we  endeavour  to  refer  our  ideas  to  the  most 
simpk  expressions,  we  begin  no  longer  to  use  the  signs  of  the  so- 
disc,  but  mark  the  posiiions  of  the  heavenlj  bodies  on  the  ediptic* 
according  to  their  distance  from  the  equinoctial  point. 

Some  of  the  names  given  to  the  constellations  of  the  zodiac,  ap« 
pear  to  rebite  to  the  motion  of  the  sun.  Cancer,  for  example, 
aeems  to  indicate  the  retrogradation  of  this  body  from  the  solstice, 
and  libra,  or  the  Balance,  denotes  the  equality  of  day  and  night. 
Kmji  other  names  seem  to  refer  to  the  climate  and  agriculture  of 
those  nations  fo  whom  the  zodiac  owes  its  origin.  The  most  an- 
cient observations  that  have  been  transmitted  to  us  with  sulficient 
detail,  are  three  eclipses  of  the  moon,  observed  at  Babylon  in  the 
years  719  and  720  before  the  Christian  aera.  Ptolemy,  who  cites 
them  in  his  Almagest,  employs  them  m  his  determination  of  the  mo- 
tion of  the  moon.  It  is  certain,  that  neither  he  nor  Hipparcbus 
coutd  obtain  any  that  were  more  ancient,  for  the  exactness  of  the 
comparison  b  in  proportion  to  the  interval  which  separates  the  ex- 
treme observations.  This  consideration  should  duninish  our  regret 
for  the  loss  of  nineteen  hundred  years  of  observations  by  the  Chd- 
deans,  and  of  which  they  boasted  in  the  time  of  Alexander,  and 
whidi  Aristotle  obtained  by  means  of  Calysthenes.  But  they  could 
only  have  discovered  the  period  of  6,585  days,  by  a  long  series  of 
obaervations.  This  period,  called  the  saros,  has  the  advantage  of 
bringing  back  the  moon  to  nearly  the  same  period,  with  respect  to 
its  node,  its  perigee,  and  to  the  sun.  Thus,  the  eclipses  observed 
hi  one  period,  afford  an  easy  method  of  calculating  those  which 
are  to  happen  in  the  succeeding  ones.  The  lunar-solar  period  of 
mx  hundred  years,  seems  to  have  been  known  to  the  Chaldeans. 
These  two  periods  suppose,  a  knowledge  nearly  approximating  to 
tile  true  kngth  of  the  year ;  it  b  also  highly  probable,  that  they 
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before  this  first  epedu  Thus  the  equation  of  the  centre  of  the  son^ 
which  they  fix  at  2^.4173,  could  not  hate  been  of  that  magnitude  i 
but  at  the  year  4300  before  the  Christian  sera.  But,  independently 
of  the  errors  to  which  the  Indian  observations  are  liable*  it  may  be 
observed,  that  they  only  considered  the  inequalities  of  the  sun  and 
moon,  relative  to  eclijMes,  in  which  the  annual  equation  of  the 
moon  is  added  to  the  equation  of  the  centre  of  the  sun,  and  aug« 
meats  it  about  *  22',  which  is  very  nearly  the  difference  between  onr 
determinations  and  those  of  the  Indians.  Many  elements,  such  at 
the  equations  of  the  centre  of  Jupiter  and  Mars,  are  so  different  in 
the  ludian  tables,  from  what  they  must  have  been  at  their  first 
epoch,  that  we  can  conclude  nothing  in  fiivour  of  their  antiquity 
from  the  other  elements. 

The  whole  of  these  tables,  particularly  the  impossibility  of  the 
conjunction,  at  the  epoch  they  suppose*  prove  on  the  contrary,  that 
they  have  been  constructed,  or  at  least  rectified  in  modern  times. 
Nevertheless,  the  ancient  reputation  of  the  Indians  does  not  permit 
us  to  doubt*  that  they  have  always  cultivated  astronomy*  and  the 
remarkable  exactness  of  the  mean  motions  which  they  have  assigned 
to  the  sun  and  moon*  necessarily  required  very  ancient  obser* 
vatioDS. 

The  Greeks  did  not  begin  to  cultivate  astronomy  till  a  long  time 
after  the  Egyptians*  of  whom  they  were  the  disciples. 

It  is  extremely  difficult  to  ascertain  the  exact  state  of  their  astro* 
nomical  knowledge*  amidst  the  variety  of  foble  which  fills  the  early 
part  of  their  history.  It  appears,  however*  that  they  divided  the 
heavens  into  constellations,  about  thirteen  or  fourteen  centuries  be* 
fore  the  Christian  tera ;  fer  it  is  to  this  epoch  that  the  sphere  of 
Eudoxus  should  be  referred.  Their  numberless  schools  for  philo- 
sophy produced  not  one  single  observer  before  the  foundation  of 
the  Alexandrine  school.  They  treated  astronomy  as  a  science 
purely  speculativct  often  indulging  in  the  most,  frivolous  con* 
jectures. 

It  is  singular,  that  at  the  sight  of  so  many  contending  systems, 
which  taught  nothing,  the  simple  reflection*  that  the  only  method  of 
comprehending  nature  is  to  interrogate  her  by  experiment*  never 
occurred  to  one  of  these  philosophers^  though  so  many  were  en* 

♦  II' 5«". 


HMtmonour  of  the  ahcibm'ts.  7 

dowed  with  an  »dfiiinible  geoiiM*  But  we  must  reflecty  that  tba 
tint  observation  only  presenting  insulated  facts,  little  suited  to  at- 
tract the  imagination,  impatient  to  ascend  to  causes,  they  must  faavv 
succeeded  each  with  extreme  slowness.  It  required  a  long  succession 
of  ages  to  accumulate  a  sufficient  number,  to  dixoTer,  among  the 
various  phenomena,  such  relations,  which,  by  extending  themselveSf 
ahouJd  unite  with  the  mterest  of  truth,  that  of  such  general  q[>ecula* 
tions  as  the  human  understandmg  deliglits  to  indulge  iu. 

Nevertheless,  m  the  philosophic  dreams  of  Greece,  we  trace  some 
sound  ideas,  which  their  astronomers  oollected  m  their  travels,  and 
afterwards  unproved.  Thales,  bom  at  Miletus,  640  years  befora 
oar  sera,  weat  to  Egypt  for  instruction :  on  hii  return  to  Greeeew 
he  founded  the  Ionian  school,  and  there  taught  the  sphericity  of  the 
earth,  the  ohliquHy  of  the  ecliptic,  and  the  true  causes  of  the  eclipses 
of  the  son  and  moon ;  he  even  went  so  far  as  to  predict  them,  ent- 
P^ying,  no  doubt,  the  periods  which  had  been  communicated  to 
him  by  the  priests  of  Egypt* 

Thales  had  for  his  successors— Anaximander,  Anaximenes,  and 
Anaxagoras;  to  the  first  is  attributed  the  invention  of  the  gnomoft 
and  geographical  charts,  which  the  Egyptians  appear  to  haire  baan 
already  acquainted  with. 

Anaxagoras  was  persecuted  by  the  Athenians  ibr  having  taught 
these  truths  of  the  Ionian  school.  They  reproached  hhn  with 
having  destroyed  the  influence  of  the  gods  on  nature,  by  endea- 
vouring to  reduce  phenomena  to  immutable  laws.  Proscribed  with 
hii  childrent  he  only  owed  hb  life  to  the  protection  of  Periclesi  his 
disciple  and  his  friend,  who  succeeded  in  procuring  a  mitigation  of 
his  sentence  from  death  to  banishment.  Thus»  ImlA,  to  establiA 
itself  on  earthy  has  almost  always  had  to  con^bi^  established  preju- 
dices, and  has  more  than  once  been  fatal  to  those  who  have  disccN 
vered  it.  From  the  Ionian  school  arose  the  chief  of  one  more  cdo- 
brated.  Pythagoras,  bom  at  Samos,  about  590  years  befbrs  Chrisit 
was  at  first  the  disciple  of  Thales.  This  philosopher  advised  him  to 
travel  mto  Egypt,  where  he  consented  to  be  initiated  into  the  mys- 
teries  of  the  priests,  that  he  might  obtain  a  knowledge  of  all  their 
doctrines.  The  Brachmans  having  then  attracted  his  curiosity,  ho 
went  to  visit  them,  as  far  as  the  shores  of  the  Ganges.  On  his  re- 
turn to  hn  own  country,  the  despotism  under  which  it  groaned, 
obliged  him  agam  to  quit  it,  and  he  retired  to  Italy,  where  he 
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founded  bis  school.  All  the  astronomical  troths  of  the  loniaii 
school,  were  taught  on  a  more  extended  scale  in  that  of  Pythagoras ; 
but  what  principolly  distinguuhed  it^  was  the  knowledge  of  the  two 
motions  of  the  earth  on  itself,  and  about  the  sun.  Pythagoras 
carefully  concealed  this  from  the  vulgar^  in  imitation  of  the  Egyp- 
tian priests,  from  whom,  most  prolmbly,  he  derited  his  knowledge ; 
but  his  system  was  more  fully  explained,  and  more  openly  avowed 
by  bis  disciple  Philalaus. 

According  to  the  Pjfthagorists,  not  only  the  planets,  but  the 
comets  themselves,  are  In  motion  round  the  sun.  These  are  not 
fleeting  meteors  formed  in  the  atmo^ihere,  but  the  mighty  works  of 
miture.  These  opinions,  ao  perfectly  correct  on  the  83rstem  of  die 
nniverse,  have  been  admitted  and  incnkated  by  Seneca,  with  the 
enthusiasm  which  a  great  idea,  on  the  subfect  the  most  vast  of  hu- 
man oontemplatwn,  naturally  exdled  in  the  soul  of  a  philosopher. 

**  Let  us  not  wonder,*'  says  he,  **  that  we  are  still  ignorant  of  the 
law  of  the  motion  of  comets,  whose  appearance  is  so  rare,  that  we 
neither  can  tell  the  beginning  nor  the  end  of  the  revolutbn  of  these 
bodies,  wbkh  descend  to  na  finom  an  immense  distance.  It  is  not 
fifteen  hundred  years  nnce  t|ie  stara  have  been  numbered  in  Greece^ 
and  names  given  to  the  constellations.  The  day  will  come,  when, 
by  the  coiortlnued  study  of  sticcessife  ages,  thmgs  which  are  now  hid, 
will  appear  wftb  certainty^  and  postaity  will  wonder  they  have 
escaped  our  notice.       ' 

The  same  school  taught  that  the  planets  vrere  inhabited,  and  that 
the  stars  were  Bans  disseminated  in  spaee,  being  themselves  centres 
of  planetary  systems.  These  pttUosophic  views  should,  from  then: 
grandeur  ind  justness,  have  obttdned  the  suffrages  of  antiquity ;  but 
having  been  taught  with  systematic  qieenlatlons,  such  as  the  har- 
mony of  the  heavenly  sj^heres,  and  wantmg,  moreover,  that  proof 
which  has  rince  been  obtained,  by  the  agreement  with  Observations, 
it  is  not  surprismg  that  thehr  truth,  when  opposed  to  the  illusions  of 
the  senses^  should  not  have  been  admitted. 

[La  Phctf  Exposition  dn  Systteie  do  Monde.] 


[    9    ] 


CHAP.  II. 


ASTROIf OMT  OF  THE  SCHOOL  OP  ALEXANDRIA. 


JljLithbrto  the  practical  astronomy  of  diffiercot  people  baa 
only  ofl^red  us  some  rude  observations  relative  to  the  seasons  and 
eclipses;  objects  of  tbeir  necessities  or  their  terrors.  Their  tbeore- 
tical  astronomy  consisted  in  the  knowledge  of  some  periods,  foundad 
on  ver]f  long  intervals  of  time^  and  of  various  fortunate  conjectuiesb 
relative  to  the  constitution  of  the  univetse^  but  mixed  with  consU 
derabie  error.  We  se^  for  the  first  time^  in  the  school  of  Alexan* 
dria^  a  connected  series  of  observations;  angular  distances  were  mada 
with  instruments  suitable  to  the  purpose,  and  they  were  calculated 
by  trigometrical  methods.  Astronomy  then  took  a  new  form,  which 
the  following  ages  have  adopted  and  brought  to  perfection.  The 
positilions  of  the  fixed  stars  were  determined,  the  paths  of  the 
pJaneii  carefully  traced,  the  inequalities  of  the  sun  and  moon  werq 
better  known^  and,  finally,  it  was  the  School  of  Alexandria  that  gave 
birth  to  the  first  system  of  Astronomy,  that  ha^  ever  comfvehended 
an  entire  plan  of  the  celestial  motions.  Tliis  system  was,  it  must  be 
allowed^  very  mferior  to  that  of  the  school  of  Pythagoras,  but 
being  founded  on  a  comparison  of  observations,  it  afforded,  by  tfaia 
very  comparison^  tlie  means  of  its  own  destruction,  and  the  true 
lystem  of  nature  has  been  elevated  on  iti  ruins. 

After  the  death  of  Alexander^  his  principal  generals  divided  bis 
empire  among  themselves^  and  Ptolemy  Soter  received  Egypt  for 
Jus  share.  His  munificence  and  love  of  the  sciences,  attracted  to 
Alexandria  the  capital  of  his  kingdom,  a  great  number  of  the  most 
learned  men  of  Greece.  Ptolemy  Philadelphus,  who  mherited  tdtb 
the  kingdom  his  Other's  love  of  the  sciences,  established  them  there 
Jlinder  his  own  particular  protection.  A  vast  edifice,  in  which  tbey 
were  lodged,  contahied  both  an  observatory,  and  that  magnificent 
library  which  Demetrius  Phalereus  had  collected  with  immense 
trouble  and  expense*  Here  they  were  supplied  with  whatever 
books  and  instruments  were  necessary  to  their  pursuits ;  and  the^r 
^emulation  was  excited  by  the  presence  of  a  prince,  who  often  came 
amongst  thepi' to  participate  m  their  conversation  and  their  labours, . 

Arystillus  and  Timochares  were  the  first  observers  of  the  rising 
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school ;  they  flourished  about  the  year  300  before  the  Christian 
sera.  Their  observations  of  the  principal  stars  of  the  zodiac, 
enabled  Hipparchus  to  discover  the  precession  of  the  equinoxes, 
aud  Ptolemy,  from  their  observations  of  the  planets,  founded  his 
theory  of  those  bodies. 

The  next  astronomer  which  the  school  of  Alexandria  produced,  was 
Aristarchus,  of  Samos.  The  most  delicate  elements  of  astronomy 
were  the  subjects  of  his  investigation.  He  observed  the  summer 
solstice,  the  year  281  before  the  Christian  aera.  He  determined  the 
magnitude  of  the  apparent  diameter  of  the  sun,  which  he  found 
equal  to  the  720th  part  of  the  whole  circumference,  a  quantity 
forming  a  mean  between  the  two  limits  which  Archimedei^  as- 
signed, a  few  years  afterwards,  to  this  diameter^  by  an  ingenious 
method,  according  to  which  the  solar  diameter  appeared  to  him 
greater  than  the  200th  part  of  a  right  angle,  and  less  than  the  l64th 
part.  But  what  reflects  the  greatest  honour  on  the  genius  of  Aris- 
tarchus,  b  the  method  by  which  he  endeavoured  to  determine  the 
distance  of  the  sun  from  the  earth.  He;  observed  the  angle  con« 
tained  between  the  sun  and  the  moon,  at  the  moment  he  judged 
half  of  the  lunar  disk  to  be  illuminated  by  the  sun,  and  having 
found  it  just  96^.7$  he  concluded  that  the  snn  was  eighteen  or 
twenty  times  farther  from  us  than  the  moon.  Notwithstanding  the 
inaccuracy  of  this  result,  it  extended  the  boundaries  of  the  universe 
much  farther  than  had  been  done  before.  Aristarchus  revived  the 
opinion  of  the  Pythagorists,  relative  to  the  motion  of  the  earth. 
But  as  his  writings  have  not  been  transmitted  to  us,  we  are  ignorant 
to  what  extent  he  carried  this  theory  in  hb  explanation  of  the  ce- 
lestial phenomena.  We  only  know  that  thb  judicious  astronomer, 
having  reflected  that  the  motion  of  the  earth  produced  no  change 
in  the  apparent  position  of  the  stars,  placed  them  at  a  dbtance  in- 
comparably greater  than  the  sun.  Thus  it  appears,  that  of  all  the 
ancient  astronomers,  Aristarchus  had  formed  the  most  just  notions 
of  the  magnitude  of  the  universe. 

The  celebrity  of  hb  successor,  Eratosthenes,  b  principally  due 
to  his  measure  of  the  earth,  and  hb  observations  on  the  obliquity 
of  the  ecliptic.  Having,  at  the  summer  solstice,  remarked  a  deep 
well,  whose  whole  depth  was  illuminated  by  the  snn,  at  Syene,  in 
Upper  Egypt,  he  compared  this  with  the  altitude  of  the  sun,  ob- 
served at  the  same  solstice  at  Alexandria.  He  found  the  celestial 
arc,  contamed  between  the  zeniths  of  these  tw«  places,  equal  to 
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the  50tii  t*rt  of  Af  whole  ducowfciaKt;,  and  as  their  dweice  wts 
estimated  at  500  stafia^  he  fixed  at  250  thoonnd  stadia  the  length 
of  the  whole  terrestiial  circuniieiieiice.  The  unoertiiuity  that  exists, 
as  to  the  value  of  this  stadiam,  does  oot  permit  us  to  appreciate 
the  exactness  of  this  neasurement. 

Aristotle,  Cleomedes,  PossidonluSy  and  Ptolemy,  haTe  given  four 
other  evaluations  of  the  dicomferenoe  of  the  earth,  equivalent  to 
400,  300,  240,  J80  thousand  stadia.  The  siaqple  relations  of  these 
measures  to  each  other,  leave  room  to  conjecture  that  these  di& 
fetent  quanlilies  are  translations  of  the  same  measure  in  different 
stadia.  The  Alexandrian  stadium  was  400  great  cuhits,  of  the 
same  kiigth  as  the  nilometer  of  Curo,  which,  according  to  Freref| 
has  not  heea  altered  for  a  great  number  of  centuries,  and  may  hi 
traced  hack  to  the  thne  of  Sesostris;  its  magnitude  is  equal  to 
1.7119  fet/tp  accordiiig  to  some  measures  hiteJy  made  with  great 
precision,  which  gives  GB4.f6  feet,  for  the  value  of  the  stadium  of 
Alexandria.  As  it  is  probable  this  stadium  was  that  of  Ptolemy» 
the  drcumlerenee  of  the  earth,  accordiDg  to  that  astronomer, 
would  be  128,250,800  feet,  which  differs  bat  little  fhmi  our  actual 
measuremeiie,  which  fixes  it  at  123,1/8,320  feet^ 

If  the  measures  of  Possidonius,  Cleomedes,  and  Aristotle,  are 
idenlieal  with  that  of  Ptolemy,  the  corresponding  stadia  are 
518.570^  410;850,  and  808.142  fifct.  Now,  in  comparing  a  great 
mnnbcr  of  ancient  itinerary  distances  with  the  actual  known  dis* 
tances^  we  find  in  antiquity  these  different  stadia  so  precisely,  as  to 
tender  the  identity  of  tlwse  four  measures  of  the  earth  extremely^ 
probaible,  it  is  therefore  very  probable  that  they  all  depend  on  some 
ancieot  and  very  exact  measure,  either  executed  with  great  care,  or 
in  which  the  errors  were  fortutmtely  compensated,  as  has  since  hap^ 
pened  in  the  mewuie  of  a  degree  by  Femal,  and  even  in  that  by 
Pieard.  It  is  trae  we  know,  that  Possidonius  himself  measured  an 
are  of  the  terrestiial  mieridian;  and  bis  operation,  as  far  as  we  can 
judge  from  the  details  that  have  been  transmitted  to  us,  was  very 
inexact ;  but  there  is  reason  to  think  he  onij  proposed  to  verify 
some  andent  measures  of  the  earth,  and  that  he  foond  them  to 
agree  nearly  with  his  own. 

*  Ten  miniodf  of  metres^  accordiof  to  Che  new  aiearareflBeiit  of  the  Freneli 
Vatiooai  IiutUute  |  the  metre  being  e%wl  to  39.37 100  £DgliBh  loebet.— Editor. 
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The  obser^atioD  of  Eiatosthenes^  on  the  obliquity  of  the  ecliptic^ 
id  very  viiuable,  inasmuch  as  it  confirms  the  dimiDotion  of  it,  deter^ 
milled^  d  priori,  by  the  theory  of  gravitatiou.  He  found  the  distance 
between  the  tropics  less  than  53.06,  and  greater  than  52.96,  which 
gives  us  a  mean  *  26.50,  for  the  obliquity  of  the  ecliptic.  Hippar<» 
chus  found  no  reason  to  alter  this  result  by  his  observations. 

But  of  all  the  astronomers  of  antiquity,  the  science  b  most  in* 
debted  to  Hipparchus  of  Bithynia»  for  the  great  number  and  extent 
of  his  observations^  by  the  important  results  he  obtained,  by  com* 
paring  them  with  those  that  had  been  formerly  made  by  others ;  and 
ibr  the  excellent  method  which  he  pursued  in  his  researches.  He 
Nourished  at  Alexandria  about  140  years  before  our  «ra.  Not  con« 
tent  with  what  had  already  been  done,  he  determined  to  recom- 
mence every  thing,  and  not  ta  admit  any  results  but  those  founded 
on  a  new  examination  of  former  observations,  or  ou  uew  observa* 
tlons,  more  exact  than  those  of  his  predecessors. 

Nothing  aflbrds  a  stronger  proof  of  the  uncertainty  of  the  Egyp- 
tian and  Chaldean  pbservations  on  the  sun  and  stars,  than  the  ne- 
cessity which  compelled  him  to  recur  to  the  observations  of  the 
Alexandrine  school,  to  establish  his  theories  of  the  sun^  and  of  the 
precesHioo  of  the  equinoxes.  He  determined  the  length  of  the  tro- 
pical year,  by  comparing  one  of  bis  observations  of  the  summer 
solstice,  with  one  made  by  Aristardius  of  Saroos  forty-five  years 
before ;  he  found  it  365.24667  days.  This  b  in  excess  about  four 
minutes  and  a  half.  But  he  reaiarks  himself  on  the  little  reliance 
that  can  be  placed  on  a  deteimination  from  solstitial  observations^ 
and  on  the  advantage  of  employing  observations  of  the  equinoxes* 
Hipparchus  recognised  that  there  elapsed  187  days  irom  the  vernal 
equinox,  to  that  of  the  autumn,  and  178  days  only  from  thb  last 
equinox  to  that  of  the  spring.  He  observed,  likewise^  that  these 
intervab  were  unequally  divided  by  the  solstices,  so  that  94  days 
and  a  half  elapse  A'om  the  vernal  equinox  to  the  summer  sobtice, 
and  92  days  and  a  half  from  thb  sobtice  to  the  autumnal  equinox. 

To  explain  these  differences,  Hipparchus  suf^posed  the  sun  to 
move  uniformly  in  a  circular  orbit;  but,  instead  of  placing  the 
earth  in  the  centre  of  it,  he  supposed  it  removed  the  24th  part  of 
the  radius^  and  fixed  the  apogee  at  the  sixth  degree  of  GeminL 

•83.51. 
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From  these  data  he  fonned  the  first  solar  tables  to  be  found  in  the 
history  of  Astronomy.  The  equation  of  the  centre,  which  they 
suppose  was  too  great,  it  is  very  probable,  that  a  comparison  with 
eclipses,  in  which  this  equation  is  augmented  by  the  annual  equation 
of  the  moon,  confirmed  Hipparcbus  in  his  error,  and  perhaps  even 
led  him  into  it.  He  was  mistaken  also  in  supposing  circular  the 
elliptic  orbit  of  the  sun,  and  that  the  real  velocity  of  this  body 
was  constantly  uniform.  The  contrary  is  now  demonstrated  by 
direct  measures  of  the  sun's  apparent  diameter;  but  such  observa- 
tions were  impossible  at  the  time  of  Hipparchus,  whose  solar  tables, 
with  all  their  imperfections,  are  a  lasting  monument  of  his  genius, 
which  Ptolemy,  three  centuries  after,  respected,  but  did  not  at* 
tempt  to  improve. 

This  great  astronomer  next  considered  the  motions  of  the  moon  ;  s 
he  measured  the  length  of  its  revolution  by  comparing  eclipses,  and 
determined  both  the  eccentricity  and  inclination  of  its  orbit ;  he 
ascertained  the  motion  of  its  nodes  and  of  its  apogee  ;  and  from  the 
determination  of  its  parallax  endeavoured  to  conclude  that  of  the 
sun,  by  the  breadth  of  the  cone  of  the  terrestrial  shadow,  in  an 
eclipse  at  the  moment  it  was  traversed  by  the  moon,  which  led  him 
nearly  to  the  same  result  as  had  been  obtained  by  Aristarchus.  He 
made  a  great  number  of  observations  on  the  planets,  but  too  much 
the  friend  of  truth  to  explain  their  motions  by  uncertain  theories^ 
he  left  the  task  of  this  investigation  to  his  successors.  A  new  star 
which  appeared  in  his  time  induced  him  to  undertake  a  catalogue 
of  the. fixed  stars,  to  enable  posterity  to  recognize  any  changes  that 
might  take  place  in  the  appearances  of  the  heavens.  He  was  sen- 
sible also  of  the  importance  of  such  a  catalogue  for  the  observations 
of  the  moon  and  the  planets.  The  method  he  employed  was  that 
of  Arystillus  and  Timochares,  and  which  we  have  already  explained 
in  the  First  Book.  The  reward  of  this  long  and  laborious  task  was 
the  important  discovery  of  the  precession  of  the  equinoxes;  in  com. 
paring  his  observations  with  those  of  these  astronomers,  be  disco- 
vered that  the  stars  had  changed  their  situation  with  respect  to  the 
equator,  but  had  preserved  the  same  latitude  with  respect  to  the 
ecliptic,  so  that  to  explain  these  different  changes,  it  is  sufficient  to 
give  a  direct  motion  to  the  celestial  sphere  round  the  poles  of  the 
ecliptic,  which  produces  a  retrograde  motion  of  the  equinoxes  with 
respect  to  the  stars.    But  he  announced  his  discovery  with  some 
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reserve^  beinf  doiAtfU  of  the  accnraqr  <if  die  obsermtians  6( 
ArysHlhis  end  Tlmodnres.  Oeogrvplij  it  tadebted  to  Hipperchns 
for  the  method  of  determionig  places  od  the  etrth  bj  tiiehr  hititvde 
and  loagitode,  for  which  he  6rft  cttptoyed  the  ediptes  of  the 
noon.  Spherical  trigonometry^  alfo^  oiresits  origm  to  Hippercfauf, 
who  applied  It  to  the  numberlem  calcnhOioni  which  these  intestiga- 
tions  required*  His  principal  woffcs  hare  not  been  transmitted  to 
IIS ;  they  perished  m  the  conflagration  of  the  Alexandrine  library^ 
and  we  are  only  acquamted  with  them  through  the  Almagest  of 
Ptolemy* 

•  The  mterral  of  near  Miiee  centuries  which  separated  these  two 
astronomers,  prodooed  some  obsenrew,  as  Agrippa,  Menelaus,  and 
Theon.  We  may  also  notice  in  this  interval  the  reformation  of  the 
calendar  by  Julius  Cssar,  and  4he  precise  knowledge  of  the  ebbing 
and  flowing  of  the  sea*  Possidomus  obsen«d  the  law  of  this  phe- 
nomenoiiy  which  appertains  to  astronomy  by  its  evident  relation  to 
the  nmtion  of  the  tmn  and  moon«  and  of  which  Pliny  the  naturalist 
has  given  a  description  remarkable  for  ita  exactness. 

Ptoktny,  bom  at  Ptolemais  in  Egypt,  flourished  at  Alexandria 
about  the  year  190  of  onr  sera.  H^iparchus  had  conceived  the 
fwoject  of  reforming  astronomy,  and  establishing  the  science  on  new 
foundations*  Ptolemy  continued  this  labour,  too  vast  to  be  accom« 
pKsbed  by  a  single  bdivtdnal,  and  has  given  a  complete  treatise  on 
this  science  in  his  great  work  entitled  the  Almagest. 

His  most  hnportant  <fisGOvery  b  the  evection  or  Kbration  of  the 
moon.  Astronomers  previomiy  had  only  considered  the  motion  of 
'this  body  relative  to  eclipses ;  by  following  it  through  its  whole 
course,  Ptolemy  recognised,  that  the  equation  of  the  centre  of  the 
lunar  orbit,  was  less  in  the  sysigies  than  in  the  quadratures ;  he  de* 
termined  the  law  of  th»  difference,  and  ascertained  its  value  with 
great  precision.  To  represent  it,  he  made  the  moon  to  move  upon 
an  epicycle  carried  by  an  eccentric^  acconfing  to  a  method  attri- 
buted to  Appolonius  Uie  geometrician,  and  which  had  before  been 
employed  by  Hipparchns, 

It  was  a  general  opinion  of  the  ancients,  that  the  uniform  circular 
motion  being  the  most  simple  and  natural,  was  neeesmrily  that  of 
the  heavenly  bodies.  Thb  error  maintahied  its  ground  til!  the  thne 
of  Kepler,  and^  for  a  long  time  impeded  him  in  his  researches. 
Ptolemy  adopted  it,  and,  placing  the  eartii  on  the  centre  of  the 
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cdcstkl  iiiotioiM»  he  CBdearcMHed  to  repfcteot  their  ineqoalities  mh 
tUi  fiiiae  hjpotheMS.    Esdbxiis  had  pre?iou8ly  imagined  for  this 
objecti  erery  planet  attached  to  several  cottcentric  spheres^  endowed 
with  different  motions ;  but  this  astronomer  not  having  explained 
hi  what  manner  these  spheres,  by  their  action  on  the  planets  produce 
the  variety  of  their  motions,  his  hypothesis  hardly  deserves  notice 
in  a  treatne  on  astronomy.    A  much  more  ingenious  hypothesia 
consbts  in  moving  along  one  circum^rence,  of  which  the  earth 
occupies  the  centre,  that  of  another  circumference,  on  which  moves 
that  of  a  third,  and  so  on,  up  to  the  last  circumiereoce,  on  which 
the  l>ody  is  supposed  to  move  uniformly.    If  the  radius  of  one  off 
these  drcles  surpasses  the  sum  of  the  others,  the  apparent  motion  off 
the  body  round  the  earth  will  be  composed  of  a  mean  uniforat 
notion,  and  of  several  inequalities  depending  on  the  proportions  of 
these  several  radii  to  each  other>  and  the  motions  of  their  centres^ 
and  of  that  of  the  star.     By  increasing  their  number,  and  giving 
them  suitalile  dimensions,  we  may  represent  the  inequalities  of  this 
apparent  asotion.     Such  is  the  most  general  manner  of  considernig 
the  hypothesb  of  cycles  and  eccentrics,  which  Ptolemy  adopted  in 
his  theories  of  the  sm^  moon,  and  planets.    He  supposed  these 
bodies  in  motion  round  the  earth  in  this  order  of  distances— the 
Moon,  Mercury,  Venns,  the  Sun,  Mars,  Jupiter,  Saturn;  astroao* 
nttn  were  divided  in  their  opinions  as  to  the  positioa  of  Mercnry 
and  Venns;  Ptolemy  followed  the  most  ancient  opinioo,  and  placed 
them  below  the  sun ;  others  placed  then  above,  and  finally,  the 
Egyptians  made  them  move  round  it.    It  b  singular,  that  Ptolesy 
does  not  mention  thb  hypothesb,  which  b  equivalent  to  placing  tha 
sun  in  the  centre  of  die  epicycles  of  these  two  phmets,  instead  of 
making  them  revolve  round  an  imaginary  centre.     Bat,  being 
persuaded  that  hb  system  could  only  be  adapted  to  the  three 
siqieiior  planets,  he  transferred  it  to  the  two  inferior,  and  was  Bus- 
ied by  a  fidse  application  of  the  principle  of  the  uniformity  of  the 
laws  of  nature,  which,  if  he  had  set  out  from  the  discovery  of  the 
Egyptians,  on  the  motions  of  Mercury  and  Venus,  would  have  led 
him  to  the  true  system  of  the  world.    But  even,  if  epicycles  could 
be  made  to  represent  the  inequalities  of  the  motions  of  Hie  heavenly 
bodies,  sUl!  it  would  be  impossible  to  represent  the  variations  in 
their  dbtances.    In  the  time  of  Ptolemy,  these  variations  were  aN 
most  msensible  in  the  planets^  whose  apparent  diameters  could  not 
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then  be  measured.  But  his  observations  on  the  moon  should  have 
taught  him  that  his  hypothesis  was  erroneous,  according  to  which 
tlie  diameter  of  the  moon  perigee,  in  the  quadratures,  should  be 
double  of  tlie  diameter  apogee  in  the  sysigies.  The  motion  in 
latitude  of  the  planets,  was  another  difficulty  to  be  unexplained  by 
this  system ;  and  every  inequality  which  the  improvements  in  the 
art  of  observing  discovered,  incumbered  thb  system  with  a  new 
epicycle,  which,  instead  of  being  confirmed  by  the  progress  of  the 
science,  has  only  grown  more  and  more  complicated;  and  this 
should  convince  us,  that  it  is  not  that  of  nature.  But  in  consider- 
ing it  as  a  method  of  adapting  the  celestial  motions  to  calculation, 
this  first  attempt  of  the  human  understanding  towards  an  object  so 
very  complicated,  does  great  honour  to  the  sagacity  of  its  author. 

Ptolemy  confirmed  the  motion  of  the  equinoxes,  discovered  by 
Hipparchus,  by  comparing  his  observations  with  those  of  this  great 
astronomer.  He  established  the  respective  immobility  of  the 
stars,  theur  invariable  latitude  to  the  ecliptic,  and  their  motion  in 
longitude,  which  he  found  *  111''  in  every  year,  as  Hipparchus  had 
suspected. 

We  now  know  that  this  motion  is  very  nearly  f  154''  annually, 
which,  considering  the  interval  between  the  observations  of  Ptolemy 
and  Hipparchus,  implies  an  error  of  more  than  one  degree  in  theur 
observations.    Notwithstanding  the  difficulty  which  attended  the 
deterqiination  of  the  longitude  of  the  stars,   when  observers  had 
no  exact  measure  of  time,  we  are  surprised  that  so  great  an  error 
should  have  been  committed,  particularly  when  we  observe  the 
agreement  of  the  observations  with  each  other,  which  Ptolemy 
cites  as  a  proof  of  the  accuracy  of  his  result*    He  has  been  re- 
proached with  having  altered  them,  but  thb  reproach  is  not  found- 
ed ;  his  error,  in  the  determination  of  the  motion  of  the  equinoxes, 
seems  to  have  been  derived  from  too  great  confidence  in  the  result 
of  Hipparchus,  relative  to  the  length  of  the  tropical  year  and  the 
motion  of  the  sun.    In  fact,  Ptolemy  determined  the  longitudes  of 
the  stars,  by  comparing  them  either  with  the  sun,  or  with  the 
moon,  which  was  equivalent  to  a  comparison  with  the  sun,  since 
the  synodical  revolution  of  the  Moon  was  well  known  by  the  means 
of  eclipses.    Now,  Hipparchus  having  supposed  the  year  too  long, 
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•nd  eoiMeqvcntly  the  motion  of  the  sun  in  loogitude  too  slow^  it  is 
dear  that  this  error  dimiDished  the  longitudes  of  the  sun  and 
moon,  emplojfed  hy  Ptolemy.  The  motion  in  loogitude,  which  he 
attributed  to  the  stars,  is  too  small  by  the  arc  described  by  the  sun 
io  the  time»  equal  to  the  error  of  Hipparchus  in  the  length  of  the 
year. 

In  the  time  of  Hipparcfaos,  the  tropical  year  was  365.24234: 
this  great  astronomer  supposed  it  365.24667;  the  difference  is  433''» 
aod  daring  this  interval  the  sun  describes  an  arc  of  AtT  \  this, 
added  to  the  annual  precession  of  111'',  determined  by  Ptolemy, 
gWes  158  for  the  precession,  which  he  would  have  found,  if  he  had 
compnted  from  the  length  of  the  true  tropical  year,  the  error  would 
then  bare  been  only  4". 

This  remark  has  led  to  ih^  examination  of  another  question.  It 
had  been  geaerally  believed,  that  the  catalogue  of  Ptolemy,  was 
that  of  Hipparchus,  reduced  to  his  time  by  means  of  the  annual 
pveccflsioo  of  1 1 1".  Thu  opinion  is  founded  on  this  drcum^itance, 
that  the  constant  error  in  longitude  of  his  stars,  disappear  when 
reduced  to  the  time  of  Hipparchus.  But  the  explanation  which  we 
Inve  given  oi  the  cause  oi  this  error,  justifies  Yiv\tm;j  from  the  re* 
proach  which  has  been  imputed  to  him,  of  having  taken  the  merit 
of  Hipparchus  to  himself;  and  it  seems  right  to  believe  him,  when 
be  asserts  that  he  has  observed  all  the  stars  of  his  own  catalogue, 
even  to  the  stars  of  the  sixth  magnitude.  He  adds,  at  the  same 
time,  that  he  found  very  nearly  the  same  positions  of  the  stars, 
relatively  to  the  ecliptic,  as  Hipparchus,  so  that  the  difference  be- 
tween these  two  catalogues  must  have  been  very  small.  Thus,  the 
observations  of  Ptolemy  on  the  stars,  and  the  true  value  which  he 
has  assigned  to  the  evection,  are  proofi  of  his  exactness  as  an  ob- 
server. It  is  true>  that  the  three  equinoxes  which  he  has  observed, 
are  inaccurate;  but  it  appears  that,  too  much  prepossessed  in 
favour  of  the  exactness  of  the  solar  tables  of  Hipparchus,  be  made 
his  observations  of  the  equinoxes,  at  that  time  very  difficult,  coin- 
cide  with  them,  as  the  derangement  of  hb  armilhiry  might  have 
been  sufficient  to  explain  the  errors. 

The  astronomical  edifice  raised  by  Ptolemy,  subsisted  near  four- 
teen centuries,  and  now  that  it  is  entirely  destroyed,  his  Almagest, 
considered  as  a  depositary  of  ancient  observations,  is  one  of  the 
most  precious  monuments  of  antiquity.    Ptolemy  has  not  rendered 
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we  now.  behold  it.  Purbech,  Regiomontanun,  and  Walther,  pre- 
pared  the  way  to  these  prosperous  days  of  the  scienoe,  and  Coper- 
nicus gave  them  birth  by  the  fortunate  explanation  of  the  celestial 
phaeiiomena,  by  means  of  the  motion  of  the  earth  on  its  axis,  and 
round  the  sun. 

Shocked,  like  ATphonso,  at  the  extreme  complication  of  the 
system  of  Ptolemy,  he  tried  to  find  among  the  ancient  philosophers 
a  more  simple  arrangement  of  the  uniTecse.  He  found  that  many 
of  them  had'  supposed  Venus  and  Mercury  to  move  round  the  sun : 
that  l<^icetas»  according  to  Cicero,  made  the  earth  reTolve  on  its 
axis»  and  by  thb  mcaus  freed  the  celestial  sphere  frt>m  that  incon- 
eeivable  Telociity  whicb  must  be  attributed  to  it  to  accomplish  its 
diurnal  rerolutionw  He  learnt  from  Aristotle  and  Plutarch,  that  the 
Pythagorist»  bad  made  the  earth  and  phmets  move  round  the  sun, 
which  they  placed  m  the  centre  of  the  universe.  These  luminoua 
ideas  struck  him  ;  he  applied  them  to  the  astronomical  observations 
which  time  had  multipKed,  and  had  the  satislaclion  lo  see  them 
yield,  without  difficulty,  to  the  theory  of  tiie  notion  of  the  Earth. 
Tlie  diurnal  revolution  of  the  heavens  was  only  an  illusion  due  to 
the  rotation  of  the  earth,  and  the  precession  of  the  equinoxes  is 
reduced  ta  a  slight  motion  of  the  terrestrial  axu.  The  drdes,  ima« 
giiied  by  Ptolemy,  to  explain  the  alternate  direct  and  retrograde 
motions  of  the  planets,  disappeared.  Copeniieu»  only  saw  in  these 
ungular  phsenomena,  the  appearances  produced  by  the  motion  of 
the  earth  round  the  sun,  with  that  of  the  planets:  and  he  con* 
eluded,  from  hence,  the  respective  dimensions  of  their  orbits, 
which  till  then  were  unknown.  Finally,  every  thing  in  this  system 
announced  that  beautiful  simplicity  in  the  expedients  of  nature, 
which  delights  so  much  when  we  are  fortunate  enough  to  discover 
it.  Copernicus  published  it  in  his  work,  On  the  CelesikU  Revolu^ 
ikmsf  not  to  shock  received  prejudices,  he  presented  it  under  the 
form  of  an  hypothesis.  <*  Astronomers/*  said  he^  *'  ia  his  dedica* 
tion  to  Paul  HL,  being  permitted  to  imagine  dreles,  to  explain  the 
motion  of  the  stars,  I  thought  myself  equally  entitled  to  examine 
if  the  supposition  of  the  motion  of  the  earth,  would  render  the 
theory  of  these  appearances  more  exact  and  simple.*' 

This,  great  man  did  not  witness  the  success  of  his  work.  He  died 
suddenly  by  the  rupture  of  a  blood*vessel,  at  the  age  of  seventy- 
one  years^  a  few  days  after  receiving  the  first  proo£    He  was  bom 
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«t  TlMmi,  in  Polish  Pnitsia,  the  19th  of  Fehruary,  1473.  After 
kurDing  the  Greek  lod  Latin  languages,  he  went  to  conttnoe  his 
stndies  as  Cracoyia.  Afterwards,  induced  by  hb  taste  for  astro* 
Bomj,  and  bj  the  reputation  which  Regiomontanus  had  acquired, 
he  undertook  a  journey  to  Italy,  where  this  science  was  taught  with 
suoceas:  being  greatly  desirous  to  render  himself  illustrious  by  the 
same  career,  he  followed  the  lessons  of  Dominic  Maria,  at  Bologna. 
When  arrived  at  Rome,  his  talents  obtamed  him  the  place  of  pro- 
fessor: he  afterwards  quitted  Ihb  city  to  establish  himself  at  Fra- 
irenberg,  where  his  unde,  then  Bishop  of  Warmia,  made  him  a 
canon.  It  was  in  this  tranquil  abode,  that  by  thirty-six  years  of 
observation  and  meditation,  he  established  his  theory  of  the  motion 
of  the  earth.  At  hb  death,  he  was  buried  in  the  cathedral  of  Fra- 
fwibei^,  withoot  any  pomp  or  epitaph;  but  fab  memory  wiU  «xMt 
as  long  as  the  great  truths  which  he  has  again  introduced  with  such 
efidence,  as  to  have  at  length  dissipated  the  illusions  of  the  senses, 
and  surmounted  the  difficulties  which  ignorance  of  the  laws  of  me- 
chanics had  opposed  to  them. 

These  truths  had  yet  to  vanquish  obstacles  of  another  kind,  and 
which,  arismg  from  a  respected  source,  would  have  stifled  them  if 
the  rapid  progress  of  all  the  mathematical  sciences  had  not  con- 
curred to  support  them. 

Religion  was  invoked  to  destroy  an  astronomical  system,  and  one 
of  its  defenders,  whose  discoveries  did  honor  to  hb  age  and  coun- 
try, was  tormented  by  repeated  prosecutions.  Bethicus,  the  db- 
dple  of  Copernicus,  was  the  first  who  adopted  hb  ideas ;  but  they 
were  not  in  great  estimation  till  towards  the  beginning  of  the  seven- 
teenth century,  and  then  they  owed  it  principally  to  the  labours  and 
mbfortunes  of  Galileo. 

A  fortunate  accident  had  made  known  the  most  wonderful  instru- 
ment ever  diseovered  by  human  ingenuity,  and  which,  by  giving  to 
astronomical  observations  a  precbion  and  extent  hitherto  unhoped 
for,  dbplayed  in  the  heavens  new  inequalities,  and  new  worlds. 
Galileo  hardly  knew  of  the  first  triads  of  the  telescope,  before  he 
bent  hb  mind  to  bring  it  to  perfection.  Directing  it  towards  the 
stars,  he  discovered  the  four  satellites  of  Jupiter,  which  shewed  a 
new  analogy  between  the  earth  and  planets ;  he  afterwards  observed 
the  phases  of  Venus,  and  from  that  moment  he  no  longer  doubted 
af  its  motion  round  the  sun.    The  milky  way  dbplayed  to  him  an 
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iiifiuite  number  of  small  stars  which  the  irradiation  confounds  to 
the  naked  eye,  lo  a  white  and  continued  light ;  the  luminous  points 
which  he  perceived  bejond  the  line  which  separated  the  light  part 
of  the  moon  from  the  dark,  made  him  acquainted  with  the  eairt* 
ence  and  lieight  of  its  mountains.  At  length  he  obiienred  the  ap^ 
pearances  occasioned  by  8atum*s  ring,  the  spots  and  rotation  of  the 
sun.  lo  publishing  these  discoveries,  be  siiowed  that  they  proved 
incontestibly,  the  motion  of  the  earth ;  but  the  idea  of  thb  motion 
was  declared  heretical  by  a  congregation  of  cardinals;  and  Galileo, 
its  most  celebrated  defender,  was  cited  to  the  tribunal  of  the  Inqui* 
•ition,  and  compiled  to  retract  this  theory,  to  escape  a  rigorous 
prison* 

One  of  the  strongest  passions  is  the  love  of  truth  in  m  man  of 
genius.  Full  of  the  enthusiasm  which  a  great  discovery  inspires,  he 
burns  with  ardour  to  disseminate  it,  and  the  obstacles  which  igno» 
ranee  and  su|)erstition,  armed  with  power,  o(4>ose  to  it,  only  irritate 
and  increase  his  energy.  Galileo,  convinced  by  his  owu  observa- 
tions of  the  motion  of  the  earth,  had  lon^  meditated  a  new  work, 
in  whicb  he  proposed  to  develops  the  prooft  of  it.  But  to  shelter 
himself  from  the  persecution  of  which  he  bad  barely  escaped  being 
the  victim,  he  proposed  to  present  them,  under  the  form  of  dialogues 
between  three  interlocutors,  one  of  whom  defended  the  system  of 
Copernicus,  combated  by  a  Peripatetic.  It  u  obvious,  that  the 
advantage  would  rest  with  the  defender  of  this  system ;  but,  as 
Galileo  did  not  decide  between  them,  and  gave  as  much  weight  as 
possible  to  the  objections  of  the  partisans  of  Ptolemy,  he  had  « 
right  to  expect  that  tranquillity  which  ^is  age  and  labours  merited. 

The  success  of  these  dialogues,  and  the  triumphant  manner  with 
which  all  the  difficulties  agaiiMt  the  motion  of  the  earth  were  re* 
solved,  roused  the  Inquisition.  Galileo,  at  the  age  of  seventy,  was 
again  cited  before  this  tribunal.  The  protection  of  the  grand  Duka 
of  Tuscany  could  not  excuse  his  appearance.  He  was  confined 
in  a  prison,  where  his  opponents  required  of  him  a  second  dis- 
avowal of  his  sentiments,  and  threatening  him  with  the  punishment 
incurred  by  contumacy,  if  he  continued  to  teach  the  system  of 
Copeniicus. 

He  was  compelled  to  sign  this  formula  of  abjuration : 

**  J  CaHleo,  m  th  teventietk  year  of  my  age,  hought  personally 

'*  /o  jiuiki,  teifig  on  wy  kneeSf  and  having  hffore  my  eyes  the  holy 

**  EvangelUU,  tvhich  J  touch  uiih  my  own  hands,  u'tth  a  sincere  heart 
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^  niJkiiK  0^lin^  curse,  mid  d€i€Si,ii§ahaadUg,  error 
^  qf  ihe  mioiiom  tf  Oe  Bearih,"  Ac 

What  a  spectackl  A  veuenbk  old  man,  rendered  illuilrioiu  by 
a  long  life»  conteciated  to  tbe  ttudj  of  Dature^  abjuring  on  hit 
knees,  agabsl  the  lestunony  of  his  own  conscience*  the  toutb  whick 
he  bad  so  evidently  proved.  A  decree  of  the  Inquisition  condemiH 
ed  him  to  a  perpetual  prison.  He  was  released  after  a  year,  at  the 
solidtatioiis  of  tbe  grand  duke;  but,  to  prevent  his  withdrawing 
kioiself  from  the  power  of  the  loquisilion,  he  was  forbidden  to 
leave  tbe  territory  of  Florence. 

Bom  at  Pisa,  in  1664,  he  gave  early  indications  of  those  talents 
which  were  afterwards  developed.  Mechanics  owe  to  him  many 
dtsGoveries,  ef  which  the  most  important  is  the  theory  of  ftlliiif 


Oalileo  was  accopied  with  the  llbration  of  tbe  mooa  when  he 
lost  his  sight;  he  died  three  years  afterwards,  at  Arcetre,  in  l^^ft, 
regretted  by  all  Europe,  which  he  left  enlightened  by  his  laboun^ 
and  indignant  at  the  judgment  passed  against  so  great  a  man  by 
laa  odious  tribnnaU 

While  this  passed  in  Italy,  Kepler,  in  Germany,  developed  the 
jiaws  of  tbe  planetary  motions.  But,  previous  to  the  account  of 
his  discoveries^  it  is  necessary  to  look  iMKk  and  to  describe  the  pro- 
fresB  of  astronomy  m  the  north  of  Europe^  after  the  death  of 
Copeiwcns. 

The  history  of  this  science  presents  at  thb  epoch  a  great  number 
of  eicdlent  observen.  One  of  the  most  illustrious  was  William 
IV.  Landgrave  of  Hesse-Cassel.  He  had  an  observatory  bnflt  at 
Cassel,  which  he  furnished  with  instruments,  constructed  with  care^ 
jaad  with  which  he  observed  a  long  time.  He  procured  two  cele« 
hratad  astronomers,  Rothmau  and  Juste  Byrye ;  and  Tycho  owed 
io  his  pressing  sotiatatioos,  the  advantages  whkh  Frederic,  Kmg 
4>t  Denaaik,  obtained  for  him. 

Tycho  Brabe,  who  was  one  of  the  greatest  obsefvers  that  ever 
ousted,  was  bora  at  Knuckstnip,  in  Norway.  His  taste  for  astro- 
nomy was  manifested  at  the  age  of  fourteen  yeara,  on  the  occasion 
iOf  an  eclipse  of  the  ran  whkh  happened  m  1560.  At  this  age^ 
when  reflectkm  is  so  rare,  tbe  justice  of  the  calculation  which 
aaaottnced  this  phsmomenon,  inspired  him  with  an  aniious  desire 
Io  know  its  pdncyks;  and  this  desire  was  still  fiirther  increased  by 
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(beopp«iti<«ofl.bp.«»pt.r«Klfi«yiy.  HeWOedtoOer. 
maoy,  where  he  formed  connectioiis  of  correspondeaee  and  firieDd- 
flhip  with  the  most  distiBgiiithed  perMMis  who.potraed  astronomy 
either  as  a  professiou  or  aiiiaaement»  and  particiilirly  with  ^ 
Landgrafe  of  Hesse-Cassel,  who  recetved  him  m  the  most  flattning 
manner. 

On  his  return  to  his  own  coontrj*  he  was  fixed  there  by  his  soire- 
reign^  Frederic,  who  gave  Um  the  little  island  of  Huena  at  tiie 
entrance  of  the  Baltic  Here  lycho  hvflt  a  celebrated  oheervttoiy, 
which  was  called  Uranibourg:  and  during  an  abode  of  twenty-one 
years,  accumulated  a  prodigious  mass  of  observations  and  im- 
portant tfteoveries.  At  the  death  of  Frederict  envy,  then  unre* 
strained/ compelled  IVfcho  to  .leave  his  letreat  His  return  to 
Copenhagen  did  not  appease  the  rage  of  his  prosecutors;  tfae-mf- 
nbter,  Walchendorp  (whose  name,  like  that  of  all  men  who  have 
abused  the  power  entrusted  to  them,  ought  to  be  handed  down  to 
the  esecration  of  all  ages),  forbad  him  to  contmue  his  observations. 
Fortunately,  Tycho  found  a  powerful  protector  m  the  Emperor 
Rodplph  |L  who  settled  on  him  a  considerable  pension,  and  lodged 
him  commodiously  at  Prague.  He  died  suddenly  at  this  city,  on 
the  24th  of  October,  16O1,  in  the  midst  of  his  laliours»  and  at  an 
age  when  astronomy  might  have  expected  great  services  ftom  him. 

The  Invention  of  new  instruments,  and  new  improvement^  added 
to  the  old  ones  a  much  greater  precision  in  observation ;  a  catalogue 
of  stai3|  very  superior  to  those  of  Hipparehus^  and  Ulugh  Beigh; 
the  discovery  of  that  inequality  of  the  moon,  which  is  called  va» 
nation ;  that  of  the  inequalities  of  the  motiao  of  the  nodes,  and  <^ 
the  inclination  of  the  lunar  orbit;  the  interesting  remark,  that 
comets  are  beyond  this  orbit;  a  more  petiisct  knowledge  of  astro* 
nomical  refraction;  finally,  very  numerous  observations  of  the 
planets,  which  have  served  as  the  basis  tfi  the  discoveries  of  Kepler. 
Such  are  the  principal  services  which  Tycho  Erahe  has  rendered 
astronomy.  Struck  with  the  otjections  which  the  adversaries  of 
Copemicns  made  to  the  motion  of  the  earth,  and  perhaps  mfiuenced 
b^  th$  vanity  of  wishing  to  give  hii  name  to  an  astronomical  system, 
he  mistook  that  of  nature.  According  to  him,  the  earth  is  im» 
movable  lo  the  centre  of  the  universe  $  aH  the  stars  move  every  day 
round  the  axis  of  the  worid ;  and  the  sun,  m  its  annual  revolution, 
carrier  with  it  die  planrts»    In  this  sjstcn,  already  known,  the  ap 
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peaiaoees  are  Uie  mum  as  in  that  of  the  motioo  of  the  earth.  We 
may,  in  general,  conwler  any  point  we  chnse ;  for  example,  the 
eentre  of  the  moon  is  immovable,  provided  we  assign  the  motion 
with  which  it  is  animated  in  a  contrary  direction  to  all  the  stars. 

But,  is  it  not  physically  absurd  to  suppose  the  earth  immovable 
in  space,  while  the  sim  carries  with  it  the  planets  in  which  it  is  in- 
cluded I  How  could  the  distance  from  the  earth  to  the  sun,  which 
agrees  so  well  with  the  duration  of  its  revdution  in  the  hypothesis 
of  the  motion  of  the  earth,  leave  any  doubt  of  the  truth  of  tbb  hy- 
pothesis, in  a  mind  conatituted  to  feel  the  force  of  analogy.  It 
must  be  confessed  that  Tycho,  though  a  great  observer,  was  not 
fortunate  in  hb  research  aAer  causes ;  his  unphilosophical  mind  had 
even  imbibed  the  prejudices  of  astrology,  which  he.tried  to  defend* 

Jt  would^  be,  however,  unjust  to  judge  him  with  the  same  rigor 
as  one  who  should  refuse  at  present  to  believe  the  motion  of  the 
earth,  confirmed  by  the  numerous  discoveries  made  in  astronomy 
since  that  period* 

The  difficulties  which  the  illusions  of  the  senses  oppose  to  this 
theory,  were  not  then  completely  removed*  The  apparentdia- 
meter  o£  the  fixed  stars,  greater  than  their  annual  paralkix,  give  to 
these  stars  on  this  theory,  a  real  diameter,  greater  than  that  of 
the  terrestrial  orbits  The  telescope,  by  reducing  them  to  luminous 
points,  make  this  improbable  magnitude  disappear.  It  could  not  be 
conceived  how  these  bodies,  detached  from  the  earth,  could  follow 
its  motion*  The  laws  of  mechanics  have  exphiined  these  appear- 
ances ;  they  have  proveil,  what  Tycho  had  again  made  doubtful, 
that  a  body,  fiiUing  from  a  considerable  height,  and  abandoned  to 
the  action  of  gravity  alone,  ought  to  fall  very  nearly  in  a  vertical 
Ime,  only  deviating  to  the  east,  by  a  quantity  difficult  to  estimate 
aecarately  by  observation  from  its  minuteness,  so  that  at  present 
there  is  as  much  difficulty  in  proving  the  motion  of  the  earth  by  a 
direct  experiment,  as  formerly  exbted  to  prove  that  it  should  be 
insensibie* 

In  hb  later  years  T>'cho  Brahe  had  Kepler  for  a  disciple  and 
assistant.  He  was  born  in  157  If  at  Viel,  in  the  duchy  of  Wirtem- 
berg,  and  was  one  of  those  extraordinary  men  whom  nature  grants 
now  and'then  lo  the  sciences,  to  bring  to  light  those  great  theories 
which  have  been  prepared  by  the  labour  of  mauy  centuries. 

The  career  of  the  sciences  did  not  appear  to  him  proper  to  sa- 
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tbfy  tlw  anbilioD  he  Mi  of  lenderiag  himtdf  itliistrious ;  bnt  tlie 
asoeodmncj  of  kus  genius,  md  tlie  exfaortataons  of  Maesllinus,  led 
him  to  atttouomj :  and  he  entered  into  the  ptmnit  with  all  the 
activity  of  a  mind  pasiionatel  j  deihrous  of  glory.  m- 

The  phiioiopher»  endowed  witb  a  lively  imagination,  and  inpa* 
tient  to  kaow  the  caoset  of  the  phaenomeoa  which  he  sees^  often 
obCans  a  glimpse  of  it,  before  observation  can  conduct  him  to  it 
Doubtkts  he  m^ht,  with  greater  certainty^  ascertain  the  cause  iTom 
the  phenomena;  but  the  history  of  science  proves  to  us,  that  this 
slow  progress  has  not  always  been  that  of  inventors. 

What  rocks  has  he  to  feai^  who  takes  his  imagination  for  his 
guide! 

Prepossessed  frith  die  cause  which  it  presents  to  him,  uistead  of 
rejecting  it  when  contradicted  by  facts,  he  alters  the  facU  to  make 
them  agree  with  his  hypothesis:  he  mutiktes,  if  I  may  be  allowed 
the  expression,  the  woik  of  nature,  to  make  it  resemble  that  of  his 
imagination,  without  reflecting  that  tune  destroys  with  one  hand 
tliese  tain  phantoms,  and  with  the  othef  confirms  the  results  of  cal- 
culation and  experience. 

The  philoeopher  who  is  really  useful  to  the  cause  of  science,  is 
he,  who,  uttitmg  to  a  fertile  imagination,  a  rigid  severity  m  investi- 
gation and  observation^  is  at  once  tormented  by  the  desire  of  ascer- 
taining the  cause  of  the  phssnomeoa,  and  by  the  fear  of  deceiving 
himself  in  that  which  he  assigns^ 

Kepler  owed  the  first  of  these  advantages  to  nature,  and  the  se- 
cond to  Tycho  Brahe.  This  great  observer,  whom  he  went  to  see 
at  Prague,  and  who  had  discovered  the  genius  of  Kepler,  in  hii 
earliest  works,  notwithstanding  the  mysterious  analogies  of  numbers 
Md  figures  with  which  It  "Nvas  filled,  exhorted  him  to  devote  his 
time  to  observatioo,  and  procured  hins  the  title  of  Imperial  matho- 
maticiatt. 

The  death  of  Tycho,  which  happened  a  few  years  aftenrards,  put 
Kepler  in  possession  of  hu  valuable  collection  of  observations,  of 
which  he  made  a  most  noble  use,  founding  on  them  three  of  the 
most  important  discoveries  that  have  been  made  m  natural  philo- 
•ophy. 

It  was  an  opposhion  of  Men  which  determhied  Kepler  to  employ 
himself  on  the  motions  of  this  planet,  rather  than  on  any  other. 
His  choice  was  fortunate  in  tUs  respect,  that  the  orbit  of  Mars, 
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beiog  QM  of  the  Mil€Meiilnc  «€  tbe  jplmottarj  tjfstem,  tlie  ineqiia^ 
litief  of  liis  votbn  ve  niore  peiceptible^  and  tberelbre  lead  to  tbe 
discovery  of  tbeir  lawa  with  gieater  hdlity  aad  precisioik  Tliough 
the  theory  of  the  motbn  of  the  earth  had  made  the  greater  part  of 
those  aides  with  wliicfa  Ptokmy  had  embarrassed  astronomy  dis* 
appear,  yet  Copernicus  bad  substituted  many  others  to  e&plain  the 
leal  ioequalitiea  of  the  oelestial  bodies* 

Kepler,  deceived  like  hini,  by  the  opinion  that  tbeir  motions 
ought  to  be  circular  and  uniform,  tried  a  long  time  to  represent 
those  of  Mars  in  thitf  hypothesis.     Finally,  after  a  great  number  of 
trials,  which  he  has  related  in  detail  m  his  famous  woik  called 
Siella  MariiM,  he  overcame  the  obstacle,  which  an  error,  supported 
by  the  joffinage  of  every  period,  had  opposed  to  him ;  he  disooveivd 
that  the  orhit  of  Maia  i$  an  ellipse,  of  which  the  son  oeeupies  one  * 
of  the  foci,  and  that  the  motion  of  tbe  planet  is  such,  that  the  radiui 
vector,  drawn  from  its  centre  to  that  of  the  sun,  describes  equal  area% 
in  equal  tianea.  Kepler  extended  these  results  to  all  the  planets,  and 
published  from  this  theory,  in  1626,  the  Rudolphine  tables,  for  ever 
memoraUe  in  astronomy,  as  being  the  first  founded  00  the  true  laws 
of  tbe  ptmettury  motions. 

Witboul  4he  speculations  of  the  Greeks,  on  the  curves  formed 
fr^aa  the  section  of  a  cone  by  a  plane,  these  beautiful  laws  might 
Imyeheen  still  unknown*  The  ellipse  beuig  one  of  these  curves,  its  oh* 
long  fignie  gave  rise,  in  the  mind  of  Kepler,  to  the  idea  of  supposing 
the  planet  lliars,  whose  orbit  he  had  discovered  lo  be  oval,  to  move 
pn  it;  and  soon,  by  means  of  the  numerous  properties  which  the 
ancient  geometricians  had  found  in  the  conic  sections,  he  became 
convinced  of  the  truth  of  this  hypothesis.  The  history  of  the 
ic^nces  offers  us  many  examples  of  these  appUcatioos  of  pore  geo- 
matry^  and  of  its  advantages ;  for  every  thing  is  connected  in  4he 
immense  chaia  of  troths,  and  often  a  single  observation  has  been 
sufficieot  to  show  the  connection  between  a  propositk>n  apparently 
the  most  sterile,  and  the  phaeoomeoa  of  naton^  which  are  only  ma* 
thematical  results  of  general  laws. 

The  perception  of  this  truth  probably  gave  birth  to  the  myste* 
rious  analogies  of  the  PythagoriBts :  they  had  seduced  Kepler,  and 
be  owed  to  them  one  of  his  most  beautiful  discoveries.  Persuaded 
ibat  the  mean  distances  of  the  planets  from  the  sun,  ought  to  be  ro- 
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gulated  conformably  lo  thcte  analogies^  he  compared  them  a  kmg 
time^  both  with  the  re^lar  geometrical  sohds,  and  with  the  inter- 
vals of  tones.  At  lengthy  after  seventeen  years  of  meditations  and 
calciilatioOy  conceivqig  the  idea  of  comparing  the  powers  of  the 
numbers  which  eipressed  them^  he  found  that  the  squares  of  the 
times  of  the  planetary  revolutions,  are  to  each  other  as  the  cubes 
of  the  major  axes  of  their  orbits ;  a  most  important  law,  and  which 
he  had  the  advantage  of  observing  in  the  system  of  the  satellites  of 
Jupiter^  and  which  extends  to  the  systems  of  all  the  satellites. 

We  might  be  astonished  that  Kepler  shoidd  not  have  applied  the 
general  laws  of  elliptic  motion  to  comets.  But»  mbled  by  an  ardent 
imagination,  he  lost  the  due  of  the  analogy,  which  should  have  con- 
ducted  him  to  this  great  discovery.  The  comets,  according  to  him, 
being  only  meteors  engendered  in  ether,  he  neglected  to  study 
their  motions,  and  thus  stopped  In  the  middle  of  the  career  which 
was  open  to  him,  abandoning  to  hb  successors  a  part  of  the  glory 
which  be  might  yet  have  acqmred.  In  his  time,  the  world  had  just 
begun  to  get  a  glimpse  of  the  proper  method  of  proeeedmg  in  the 
search  of  truth,  at  which  genius  only  arrived  by  instinct,  frequently 
connecting  errors  with  its  discoveries.  Instead  of  passing  slowly 
through  a  succession  of  inductions,  horn  insidated  piuenomena,  to 
others  more  extended,  and  from  these  to  the  general  laws  of  nature  | 
it  was  more  ea^  and  more  agreeable  to  subject  all  the  phsenomeila^ 
to  the  relations  of  convenience  and  harmony,  which  the  imagination 
could  create  and  modify  at  pleasure. 

Thus^  Kepler  explained  the  disposition  of  the  solar  system,  by 
the  laws  of  musical  harmony.  We  behold  him  even  in  his  latest 
works,  amusing  himself  with  these  chimerical  speculations,  even  so 
far  as  to  regard  them  as  the  ^/[^  andtouTof  astronomy.  He 
has  deduced  from  them  the  eccentricity  of  the  terrestrial  orbit,  the 
density  of  the  sun,  its  parallax,  and  other  results ;  the  inaccuracy 
of  which,  now  discovered,  is  a  proof  of  the  errors  to  which  we  ex- 
pose ourselves,  in  deviating  from  the  rout  traced  by  observation. 

After  having  destroyed  the  epicycles  which  Copernicus  had  pre- 
served ;  after  having  determined  the  curve  which  the  planets  de* 
scribe  round  the  sun,  and  discovered  the  laws  of  theu*  motion ; 
Kepler  approached  too  near  to  the  principle  from  which  these  laws 
were  derived,  not  to  anticipate  it.    Attempts  to  discover  thb  prin* 
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dplc  often  cxwdted  Ui  actm  imgiiMtioa )  hat  tbe  moDMDt  wu 
Dol  yet  airiTCtl  to  mska  An  last  itep,  which  demaadcd  s  more  pro- 
Atund  knowledg*  of  nwcbuiici,  and  amore  perfect  itate  of  geometry. 

Uowtfvcr,  amidst  the  initleM  trials  of  Kepler,  and  hii  nameraiu 
«m>n^  the  cooHction  of  lactt  conducted  luin  to  correct  opinions  on 
Ibii  lolgcct^  in  (be  mnk  in  which  he  pnbtislied  hia  principal  disco- 
verie*. 

.  "  Onritj,"  be  Mji  in  hii  Ccmwuntary  ok  Mart,  "  is  only  a  mu' 
**  tnl  and  corpoEeal  afiection  between  similar  bodiea.  Heavy 
**  bodies  do  ool  tend  to  tbe  centre  of  the  world,  but  to  that  of  the 
**  nmnd  body,  of  which  they  form  a  part ;  and  if  (be  earth  were 
"  not  ^iberical,  facavy  bodies  wonld  not  fall  tovrards  itx  centre,  but 
**  tmruda  difiereot  punts." 

If  tbe  mooQ  and  earth  were  not  relaioed  at  their  reflective  di^ 
tains,  they  would  fidJ  upon  each  other,  the  moon  passb^  Ihrongb 
to  W  oftht  distance,  and  the  earth  passing  through  the  remainder, 
aappoai^  them  eqoally  dense.  He  believed  also,  that  tbe  attrac- 
tioB  of  the  noon  was  the  cause  of  the  tides,  and  he  suspected,  that 
the  iiregalarities  of  the  lunar  motion  were  produced  by  the  con^ 
boied  actjaas  of  tbe  sua  and  earth  on  the  mooo. 

AatnoBonjr  owes  to  Kq>ler  many  other  nsetiil  discoveries.  Um 
work  on  optics  k  (aU  at  new  and  iuterestinK  matter ;  he  there 
"r'"'Tr  tbe  necbaniiiB  of  vision,  which  was  nnknown  before  hint. 
He  amigtied  tbe  true  cause  of  the  bimien  ettutrit  of  the  mooo ;  but  he 
jare  tbe  hoooor  of  this  discovery  to  his  master,  Maestliuos,  entitled 
to  notice  from  this  discovery,  and  from  having  recalled  Kepter  to 
mOttmamj,  and  converted  Galileo  to  the  system  of  Copernicus. 

Knally,  Kepter,  in  bis  work  entitled,  Sttrtvmtlria  Dalionm, 
baa  presented  some  ctHweptions  on  aSnit]',  which  influenced  tbe 
molntioii  «perienced  by  geometry  towards  tbe  end  of  tbe  lut 


WiA  so  nany  daims  to  admiration,  this  great  man  lived  in 
niierj,  while  judicial  astrology,  every  where  honoured,  was  mag- 
nificently recompensed.  The  astronomen  of  his  time,  Descartes 
himself  and  Galileo,  vbo  might  have  derived  the  greatest  advan- 
tage from  bis  discoveries,  do  not  appear  to  have  perceived  their 
importance. 

Fortonalflljr  tbe  cqioymmt  wbicb  a  man  of  genins  nccivcs  from 
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the  -tnHlii  which  he  disooffen,  and  the  piotpecft  of  a  jual  aad  giile* 
fill  poflerityy  coosole  htm  for  the  uignititude  of  his  ceotenpo* 
nries. 

Kepkr  fiad  obtamcd  pensions  which  wen  always  iU  paid:  going 
to  the  diet  of  Ratisbon  to  solicit  his  arrears^  he  died  m  that  cilj  Hie 
15ih  of  November,  ifiSO.  He  had  b  his  latter  jeara  the  adfoalage 
of  seemg  Ihe  discovery  of  logarithnis»  and  making  umc  of  then; 
This  was  due  to  Napier,  a  Scottish  baron ;  it  is  aa  admiraMe  ooo- 
trivance,  an  iasprovement  oa  the  ingenimis  algorithm  of  Ihe  Iniliiiiii 
and  which,  by  reducing  to  a  few  days  the  labor  of  many  asoiHiis, 
we  nuij  almost  say  doubles  the  Ufe  of  astreoomers,  andspares  tfaenl 
the  ertofs  aad  dkigiulB  inssparahie  from  hmg  caleolations ;— an  in- 
▼eution  so  much  the  nu»re  gratifying  to  the  hwaaa  mindi  as  it  is  en- 
tkely  due  to  its  own  powers:  in  the  arts  man  makes  use  of  the 
materials  and  forces  of  nature  to  increase  hii  powers,  bnt  here  the 
whole  is  his  own  work. 

The  Uboun  of  Huygens  followed  soon  after  those  of  Kepler  and 
GalileOi  Very  fow  men  have  deserved  so  well  of  the  sciences,  by 
the  hnportaoce  and  sublimity  of  their  researeheSi  The  application 
of  the  pendulum  to  docks  is  one  of  the  most  beautiful  aeqaiaitioos 
«^icb  astronomy  and  geography  have  nMde^  and  to  which  fortunate 
iaventioa,  and  to  thai  of  the  telescope,  the  tiwofy  and  practice  of 
which  Haygens  considerably  improved,  they  owe  their  rapid  pro^ 
gress^ 

He  discovered,  by  means  of  exoelleot  ol]^ct-g1asses  which  he 
saoceeded  m  coastmcting,  that  the  singular  appearances  of  Saturn 
were  prodooed  by  a  very  thin  ring,  with  vHilch  the  planet  is  suf^ 
rounded :  his  assiduity  in  observing  made  him  discover  one  of  the 
satellites  of  Saturn. 

He  made  numerous  discoveries  in  geoflnetrf  and  anBohimicB :  and 
if  this  extraordinary  genius  had  conceived  the  idea  of  combining  his 
theorems  on  centrifugal  forees  with  bis  beautiful  mVest^ation  on 
involutes,  and  with  the  laws  of  Kq^,  he  would'  have  precede 
Newton  in  hb  theory  of  eurvtiinear  motion,  ond  ftn  that  of  nniversal 
gravitation.  But  it  is  not  in  such  flf>proximaliehs^  that  discovery 
coBsbts. 

Towards  the  same  time,  Hevelins  rendered  himself  usefiil  to 
astroaonsy,  by  Iris  immcwse  labours^    Few  Stteh  faidefafigable  ob- 
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servexs  havt  euftcd  i  k  b  to  be  legratlod  thftt  be  woaM  dot  tt4opt 
the  applicatioD  of  telescopes  to  quadraots*  ao  invention  which  gave 
a  precision  previousl^f  onknown  to  astronomy.    ' 

At  this  epoch  aitroiiony  reeeived  a  new  inpalse  from  the  estab* 
liabment  oT  learned  societies. 

Natm  is  so  vaiious  in  bar  productions  and  phsenomena,  of  which 
it  is  so  didkalt  to  ascertain  the  causes,  that  it  is  requisite  for  a 
great  number  of  own  to  unite  their  intellect  and  exertions  to  com* 
ptefaend  and  deielop  her  laws.  Thb  union  is  particularly  requisite 
when  the  sciences  in  extending  approximate,  and  require  mutual 
support  from  each  other. 

It  IS  then,  that  the  natural  philosopher  has  recourse  to  geometry, 
to  arrive  at  the  general  causes  of  the  phsenoraena  which  he  observes, 
and  the  geometrician  in  his  turn  Interrogates  the  philosopher,  in 
order  to  render  his  own  investigation  useful,  by  applying  them  to 
experienee :  and  to  open  in  these  applications  a  new  road  in  analysis. 
But  the  principnl  advantage  of  learned  societies  is  the  phUoaophical 
fceUng  on  every  sul^ct  winch  is  introduced  into  them,  and  fipom 
tbf noe  diftisfa  ksdf  over  the  whole  nation.  The  insulated  philoso* 
pber  ms^  les^n  himself  without  fear  to  the  spirit  of  system ;  be  only 
beaiB  contradiction  at  a  distance ;  but  in  a  learned  society  the  shock 
of  syslematie  opmions  at  length  destroys  them,  and  the  desire  of 
mntnally  coMvincmg  each  other  establishes  between  the  members  an 
agreement  only  to  admit  the  results  of  observation  and  calculatioo. 
Thus  expetienee  has  proved  that  since  the  origin  of  these  establisb- 
menlB  tmo  philosophy  has  been  generally  extended. 

By  settmg  the  example  of  submitting  every  opinion  to  the  test  of 
severe  scnOiny,  they  have  destroyed  prejudices  which  had  so  long 
reigned  amoiig  the  sciences,  and  in  whidi  the  highest  intellects  of 
tka  pnoeding  ages  bad  participated.  Their  useful  influenee  on 
opnmmneennmlated  In  oov  own  time,  with  an  enthusiasm  which  at 
other  periods  would  have  perpetuated  them.  Fmally^  it  is  among 
tbens,  or  by  the  encouragement  they  offer,  that  those  grand  theories 
have  been  formed  which  are  placed  above  the  reach  of  the  vulgar 
by  their  coaiprefacnsiveness ;  and  which,  extending  themselves  by 
their  nnmeroos  occasions  in  which  they  are  applicable,  to  nature 
and  to  the  arts,  are  inexhaustible  sources  of  delight  and  intelligence. 

Of  all  the  learned  societies,  the  two  most  celebrated  for  the 
number  and  importance  of  thehr  discoveries  in  the  scicncd,  and 
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terrestrial  meridian^  and  of  the  pendolaniy  multiplied  in  different 
parts  of  the  globe,  of  wfaidi  France  gave  the  example,  by  meaauring 
the  whole  arc  of  the  meridian,  which  crosses  it,  and  by  sending 
the  academician  to  tlie  north  and  to  the  equator,  to  obaenre  the 
magnitude  of  these  degrees,  and  the  intensity  of  the  force  of  granty* 
Tlie  arc  of  the  meridian,  comprised  between  Dunkirk  and  Barcelona, 
determined  by  very  precise  observations,  and  forming  the  base  of 
the  most  natural  and  simple  system  of  measures;  the  voyagM 
undertaken  to  obserre  the  two  transits  of  Venus  over  the  SnnSi  ditk, 
m  1761  and  1769,  and  the  exact  knowledge  of  the  dimenskms  of  the 
solar  system,  which  has  been  derived  firom  these  voyages ;  the  inven- 
tion of  achromatic  teleseopesi  of  chronometer^  of  the  sextant  and 
repeating  ebde,  the  discovery  of  the  planet  Uranus,  by  Merschel, 
in  1781 ;  that  of  its  satellites,  and  of  two  new  sateltites  of  Saturn, 
doe  to  the  same  observer,  all  the  astronomical  theories  being  brought 
to  perfection,  and  all  the  celestial  phssnomena,  without  exception, 
being  referred  to  the  principle  of  universal  gravitation:— 4hese,  with 
the  discoveries  of  Bradley,  are  the  principal  obligaUons  which  astro- 
nomy  owes  to  Enghmd,  whicb>  with  the  preceding,  will  always  be 
considered  as  constituting  the  most  glorious  epoch  of  the  science. 

[La  FUutf  ExpositioD  du  Systtme  du  Monde*] 


CHAPTER  IV. 

6BNKHAL  NOTICES  ON  ASTRONOMY 

1  o  the  preceding  observations  of  La  Place,  the  Editor  of  the 
present  woriL  has  thought  right  to  subjoin  the  following  singular 
or  learned  opinions  of  several  of  the  most  esteemed  writers  on  the 
subject. 

Professor  Playfeir,  m  an  article  inserted  in  the  Edinburgh  Philoso- 
phical Transactions,  supports  the  very  high  pretensions  of  the  Bra- 
mins  to  Astronomy,  and  conceives  that  they  are  in  possession  of 
some  observations  not  less  than  five  thousand  years  old.  Mr.  Cos- 
tard, in  a  paper  on  the  Chinese  Chronology  and  Astronomy,  print- 
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ed  in  the  [Transaclioos  of  the  Royal  Society  for  17^7»  and  Mr. 
Bentlejy  io  Vol.VI.  of  the  Asiatic  ResearcheSy  offisr  cogent  arguments 
against  any  such  antiquity  of  Afltroaoakid  knowledge  in  the  East : 
the  latter  indeed  goes  so  far  as  to  make  the  principal  tables  of  the 
Braniosy  which  thej  call  SuryaSidcyiMita,  not  more  than  about  799 
years  old. 

Newton  thinks  that  the  constellations  were  arranged  by  Chiron 
when  the  solstitial  and  equinoctial  points  were  in  the  middle  of  the 
topective  constdlatimis.    PhiL  Trans,  for  17^5. 

Mr.  Wall,  in  a  paper  on  astronomical  symbols,  printed  in  the 
Manchester  Memoir,  Vol.  I.  243,  derives  Q  (Mercury),  from  the 
caducens;  9  (Venus),  from  the  sbtrum ;  ^(Mars),  from  the  shield 
and  spear;  Tf, (Jupiter),  from  Jr,  the  contraction  or  first  and  last 
ktlers  of  the  word ;  T^(3tktnm),  from  the  sickle.  Frisch,  however, 
derives  U  froai  ligbtaing  with  the  eagle. 

Alenndtv  and  Baliain  thought  the  Earth  revolved  around  the 

Moon,    ifonaa. 

In  the  aotoam  of  QaiVt  Memoir  on  Synems's  Astrolabet  Mapa 
«re  atttMMitcd  to  AoauiMUider  600  years  before  Chrbt.    M.  ImU 

V.  S4. 
According  to  nataivli»  Heradkles  and  Etphsntus  attributed  to 

the  Earth  a  diurnal  itiotion  only. 

Astronomy  was  mtioduccd  into  Spain  by  Ibe  Moon  io  1201. 

ITie  Meakaos  when  discoverad  by  the  Spaniards  bad  years  of  805 
day^  and  added  IS  daya  at  the  end  of  every  period  of  5«  y«ar«. 
JtoHfon.  Yaimg'i  Nai.  PM/.— Editor. 
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THECKLBSTIALWOBtODIICOVBBBD;  0*,CONJICTC>KB 

COHCBBNINQ  THB   INHABITANTS,  PLAKTB,  AMD  FKO- 
DUCTI0N8,  OF  THE  WOBLD  IN  THE  PLANETS; 
Writlen  In  Lalia  by  Ciajnuunii  Hu.tcuii,  ud  ioKribcd  to  hit  brolber 
ConTAHiiNic  HoTaBNi,  Uttc  Seccetatj  to  Ui  HMJ/aij  KiBf  TTiUiut.    8>o. 
vUb  fire  cot)  of  lllnKration. 


1  HE  ingenious  author  of  ihia  diicoarM,  ba* log  *p«at  mucfa  tuur, 
aod  tiiki-ii  gre»t  paios  in  making  celettul  obMrntioai  and  ditcovc- 
ries  by  telescopes  of  Ibe  largeit  nxa,  and  other  iiulnimetitB,  and 
having  moreover  acquainted  binuelf  with  tbe  laleat  and  bait  oboe*- 
Txtioni  and  diKoveries  made  by  other  moderti  Aatrooomen;  and 
having  well  weighed  aud  conaideKd  the  inpoit  and  aiffnificancy  of 
them,  comei  in  this  book  to  acquaint  his  brotlier  tbe  heer  Conatao^ 
tine  Huygens,  (who  was  also  a  great  l«ver  of  lb«se  inquine*,  and 
who  was  (be  person  that  fumbbed  bim  with  the  eicelicnt  telescopes 
he  made  use  ot,  wrought  with  bb  own  hand,  wbereu  be  bad  for  bis 
diversioo acquired  aa  extraordinary  art  anddeslerity,  unknown  to  any 
besides  himself)  and  by  the  publication  of  k,  if  he  thought  fit  likewise 
to  acquaint  tbe  learned  world,  what  upon  the  result  of  dl,  his  opi- 
nion and  belief  was  concerning  the  form,  structure,  and  fahrickof 
the  universe,  or  (he  whole  visible  world,  and  Ibe  reasons  and  argu- 
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tliiiiking  it  impossible  to  measure,  or  any  wise  to  be  ascertained  of 
the  magnitudes  and  distances  of  the  celestial  bodies ;  and  as  to  the 
earth's  motions  they  look  on  them  as  fictions,  and  not  capable  of 
being  proved :  to  snch  he  answers,  that  he  does  not  assert  those 
things  as  absolutely  demonstrated  but  rather  as  probable  conjectures, 
and  that  he  leaves  every  one  free  to  judge  of  them  as  they  please; 
And  to  such  as  may  think  them  useless,  since  they  are  only  conjec« 
tural,  he  answers,  upon  the  same  account,  all  other  physical  know- 
ledge may  be  rejected,  since  that  also  for  the  most  part  is  but  con* 
jectural ;  and  yet  we  know  the  studies  of  those  things  are  very  com- 
mendable, and  afford  great  pleasure,  satisfaction,  and  benefit,  even 
to  such  as  think  them  contradictory  to  holy  writ,  to  suppose  other 
worlds,  or  animals  then  those  of  the  earth  ;  because  soch  are  not 
mentioned  in  the  history  of  the  creation*    He  thinks  there  has  been 
enough  said  to  shew  that  the  description  of  the  creatioo  in  the 
Bible,  was  only  with  relation  to  the  earth,  and  not  at  all  with  res- 
pect  to  the  other  parts  of  the  world,  then  what  where  here  visible^ 
nor  can  it  be  detrimental  to  relif^on,  but  will  be  ratl^r,  as  he  con- 
ceives, a  means  to  make  men  have  a  lesser  esteem  of  these  earthly 
things,  since  they  are  but  small,  with  respect  to  the  other  world, 
and  to  have  a  greater  veneration  and  adoration  of  that  wonderful 
wisdom  and  providence  whkh  is  universally  displayed  through  the 
whole  iabrick  of  the  universe.    As  to  the  form  and  dispositkm  of  the 
whole,  and  of  tlie  parts  of  thn  universe,  he  i^;rees  with  the  system 
of  Copernicus;  for  the  better  explication  of  which  he  hath  added  two 
figures,  the  first  of  which  shows  their  order  and  positions,  and  the 
second  their  comparative  magnitudes.    And  because  by  reason  of 
the  smalhiess  of  these  figures,  the  true  proportions  could  not  be 
sufficiently  exprest,  he  has  added  a  particular  explication,  expressing 
in  numbers,  the  disitances  of  their  orbs  from  the  sun  in  the  center, 
and  the  times  of  their  periods  in  tbem :  next  of  their  particular 
magnitudes  and  so  of  their  proportions  to  each  other,  and  to  the 
body  of  the  sun.     And  since  it  hereby  appears  that  the  earth  is 
moved  about  the  sun,  as  well  as  the  other  planets,  (which  ail  the  best 
j^i  the  modem  astronomers  do  now  believe,  and  none  but  such  as 
are  of  a  more  dull  apprehension,  or  are  otherwise  over  powered  by 
their  superiors,  do  deny,  or  make  any  scruple  positively  to  assert) 
and  that  those  planets  are  enlightened  by  the  sun  in  the  same  man- 
ner as  Ae  earth  is^  and  some  of  them,  as  \^  and  2(,  have  their  own 
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inoiM!|s»  or  lecoadaiy  (rfanets  moving  abQUt  tliein«  tometiuies  ecli|M* 
iiig  them,  and  edified  by  them,  as  the  earth  abo  is  by  its  biooi^ 
and  that  some  of  tiiem  are  much  bigger,  as  well  as  some  othen 
smaller  thao  the  earth ;  and  so  that  the  magnitiides  are  not  pcopor« 
tioned,  either  according  to  their  order  or  their  distance ;  since  also 
they  are  observed  to  have  the  same  kinds  of  motion*  both  annaal 
and  diurnal,  therefore  he  thinks  it  very  probable  that  they  do  re* 
semble  the  earth  also  in  other  qualifications;  tox  that  we  have  no» 
argumeul  to  this  contrary  why  they  should  not,  nor  is  thb  way  of 
xeasoiiing  from  the  i^reement  in  some  to  a  like  agveement  of  other 
precarious^  since  it  is  the  most  usual  method  of  discovering  the  in* 
sensible  parts  of  the  world*  by  their  similitnde  to  ihe  more  sensible* 
as  in  anatomy  we  judge  of  the  pa^ts  of  a  creature,  by  the  similiF 
tude  we.  fiod  they  have  to  the  parts,  of  sooie  other  before  known* 
From  thi»  topk  therefore  he  thmks  we  may  safely  eon^rhide  that  the 
otbei(  pbmet^  have  solid  bodies,  an4  gravity  towacds  their  centers^ 
as  the  earth  hath  wiM*  we  find  Ijhfeai  to  have  the  same  figure,  and 
the  saiffe,oiotiiU!l*»  ^^  tbe^sapoe  concomitants.^  and  that  they  have 
atmpAplmoes  and  akt  and  water,  &C    Aud  since  it.  would  be  too, 
g^eat  a  dep^tiating  of  tbeni^  ^^datiOD  rnucb  overvaluing  of  the 
^arth,  to  supfpse  tbjem  not  to.  ba  likewiae  adorned  with  the  mora 
a4i>»rabte  prodoctioni^  and:  fi^brickaof  phmts,,  and  animals,  whicb 
9iora  evidently  majaifea^  the  wildom  and  design  of  the  divine  ajpchi^ 
IimA  which  we.  fiedi  Ihe  eaitii  to  be  enricbed  and  beautified  with. 
9iil  tp^  suppose,  ihpm  only  liftless  lumps  of  matter,  as  earth,  water* 
4ic ;  or  vast  deetrts»  baneu  iponntains*  rocks»  &c    This  he  saya 
would  sink  th^nn  top  n»udi  bekiw  the  earth  in  beauty  and  dignity* 
which  this  methiad  of  reasoning  will  in  no  wipe  permit.    He  conceivea 
therefore  we  mMt  suppose  ami  believe  them  to  have  animals  as  well 
as  the  earth  i  and  so  of  necessity  phipt^  fior  their  nourishment.  And 
these  possibly  not  nmch  diferent  froaa  those  we  have,  both  as  to 
their  outward  form,  and  as  to  their  mtemal  structure*  and  as  to  theuB 
method  of  production,  or  propagation,  and  their  mcrease  oe  growth. 
And  that  if  there  be  any  difference,  most  probably  it  must  arise 
from  the  differing  distances  of  those  globea  from- the  sim*  which  in 
more  likely  to  affect  the.  matter  than  the  form.    Wherefore  thougli;* 
we  canuot  be  ascertainedi  what,  these  differences  are>  yet  we  majK 
reasonably  oondude,  thai  they  are  eompoaed  of  solids  and  fluids; 
for  that  the  productioo  aod  outritios  of  then  aiMmala  must  be  made 


by  floidb.;  Md  thcnot  ali»  thifc  the  parts  of  them  fermotioo  omit 
besoniMriNit  like  those  ef  terretlrialaiiiiiHds ;  whether  beasts»  fishes, 
birds,  or  insects,  that  is»  they  most  have  legs  finns,  wmgs,  &c. 
Thoogb  not  exactly  the  same  with  ours»  since  the  fluids  may  be 
jnore  various,  as  to  their  nornber,  and  as  to  their  density,  and  as 
to  tbeir  rare^ction  and  conglaeiatioo,  some  of  these  globes  being 
maeh  Airther  ofl^  and  somewhat  nearer  to  the  son,  and  its  powerfiil 
jays.  And  so  the  ioids  oi  Ij  and  %  may  not  be  so  apt  to  be  fro* 
flso,  nor  those  of  ^  and  $  ,  to  be  rarified  into  vapours,  neither  of 
wttcb  wonid  destroy  the  form  and  use  of  water  for  the  vegetatioii 
ofpbmls* 

And  because  thongb  we  should  allow  these  globes,  these  oma« 
menla  and  Aimitare,  yet  though  we  suppose  them  deprired  of  the 
pcinc^^  production  and  master-piece  of  all,  and  for  whose  use 
benelk  nil  the  rest  seenf  to  be  made,  we  should  too  much  exalt 
owrwfakie  this  globe  of  the  earth,  and  too  much  depreciate  all 
the  other.  Therelbre  he  thtnks  we  must  suppose  them  to  haye  ra« 
tional  animnlealso,  and  tiiat  those  have  all  those  senses,  and  other 
ntcaaiary  aegans  for  reasoning  that  men  have  here,  and  that  the^ 
iio  naa  them^  and  have  procured  thereby  the  same  advantsges^  and 
iaspiovattenl  of  thai  lisewity,  that  in  the  like  cases  men  have  done 
here  vpeo  the  earth.  And  sinee  we  find  that  Are  m  many  cases  is 
of  great  nse^  he  thmks  that  we  most  suppose  it  common  to  all  the 
odieri^obee  also.  Bot  to  judge  of  the  magnitude,  or  exact  shape 
of  those  aninnted  bodies  in  the  other  pknets,  by  the  magnitude  of 
those  i^bes,  he  tidoks  we  have  no  medium  to  direct  us,  since  we 
find  that  natnie  does  not  restrain  itself  to  such  rules  of  measure  as 
■sight  seem  tile  best  to  ns.  But  since  the  prmcipal  use  of  reason, 
>  which  he  supposes  to  be  the  same  as  here  seems  to  be  for  the  con- 
teniplaiion  of  the  wofia  of  the  Creator,  and  the  improvement  of 
arts  and  seienccs,  he  conceives  that  those  inhabitants  do  not  only 
oootcmplsie  and  eiiserve  the  stars,  but  that  they  have  also  made  an 
astronomy,  and  cultivated  such  arts  as  conduce  thereunto  ;  as  those 
of  geometry,  arithmetic,  optics,  Ac.  and  that  of  writing,  by  which 
they  may  register  their  observations  to  theur  posterity.  And  thence 
bo  eondndes  they  most  have  hands  and  legs,  or  sueh  i^kt  limbs,  and 
an  erect  Ihce,  by  which  they  may  be  enabled  to  perform  such  actions 
as  are  neceisaryfiNr  those  parposes,  and  in  general  bethinks  it  pro. 
bable  that  they  may  have  many  arts  and  sciences^  the  same  with 
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Uvemngof  theptrtrof  tbeotherplanetf*  And  us  for  Ui^  fixed 
itariy  be  conomes  them  to  be  so  many  tuns,  and  to  be  disfiersed 
in  the  vaat  expaimim  of  heaven,  at  various  distances,  and  each  of 
Ibem  to  have  a  proper  sjrstem,  aod  plaoets  moved  abont  them. 
And  thoagli  it  be  unpossible  for  us  ever  to  see  those  phmets,  by 
Kason  of  their  vast  distance,  yet  from  the  analogy  that  is  between 
the  SOS  and  stars,  we  may  judge  of  the  planetary  systems  about 
them,  and  of  the  planets  tliemselves  too,  which  probably  are  like 
the  planetary  bodies  about  the  sun,  (that  is)  that  they  liave  phmeta 
aadaninuilsi  nay,  and  rational  ones  too,  as  great  adauren  and 
ebaervers  of  the  heaivens  as  aay  on  the  earth.  This  represents  to 
«s  a  wonderful  selKOK  of  the  prodigioiis  vastness  of  the  heavens; 
•o  tliat  the  distanoe  between  the  earth  and  the  sun,  though  of  17 
aiiUioos  of  German  miles^  is  afanost  nothmg  to  the  distance  of  m 
fixed  Stan  And  because  of  the  difficulty  in  making  observatioas  for 
this  purpoie»  in  the  eomawn  ways»  he  therefore  proposes  a  new 
method  of  Ini  own  for  this  purpose,  which  he  also  eaplains,  and 
by  thai  one  May  the  better  conceive  the  vastnesa  of  the  distanoe  of 
one  ef  the  nearesta  as  for  instanoe,  from  the  snn;  which  by  this 
way  he  proves  Id  be  Vfi64  limes  the  distance  of  the  sun  froin  the 
earth;  and  to  make  this  distance  yet  more  coaqirehensibk^  he 
makes  nsa  of  the  former  explication,  by  the  time  that  a  cannon. 
buUet  moved  ar swift,  aakath  been  just  now  explained.  Where* 
fore  awiity^yiog  37664  by  S5»  he  folds  that  a  eaMion*bullet,  mov«^ 
in^  a  hundred  fothem  in  a  second,  would  be  ^€0,000  years  in  ite 
journey  betwixt  naand  the  foied  stars;  here  by  the  way  he  makes 
some  reflectioas  on  Iks  C!m4em*t  Virtkes,  and  exphins  his  own' 
sentiments  conoeming^  the  present  state  of  the  nniverse,  nor  will  he 
trouble  his  mind  about  thdr  beginning,  or  how  nsade,  as  knowiug 
it  to  be  out  of  the  reach  of  human  knowledge  or  eoiyectare. 

Upon  the  whole  awttev  you  wHI  here  fold  the  ingenious  author'a 
opinion,  concerning  the  universe,  with  ali  the  arguments  for  it, 
dra%im  from  the  most  aocurate  observationathat  have  been  hitherto 
made  that  are  pertinent  thereunto.  The  only  foflure  seems  to 
seme  to  be  in  his  opinion  coaceining  tbe  moon  and  secondary 
phmets.  Upon  which  subject  there  may  perhaps  be  shortly  pub* 
Kshed  a  brief  discourse  of  one  who  is  of  a  semewlmt  diffining 
sentiment* 

[Fr9m  ike  htmslatwm  aJbpied  hy  ih§  Royal  Sockiy,  1O99  i 
and  printed  in  the  PkiL  Trans,  fw  the  same  year,'] 
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CHAPTER  VI. 

ON  THE  XATUBE  AND  CONSTRUCTION  OF  THE  SUN  AND 

FIXED  STABS. 

Among  the  celestial  bodies,  the  sua  is  certain! j^  the  first  which 
•hoiild  attract  our  notice.  It  is  a  foontain  of  iig)bt  that  ilUiniinatei 
the  world  1  it  is  the  cause  of  that  beat  which  maintains  the  pro- 
ductive power  of  natDre»  and  makes  the  earth  a  fit  habitation  ftf 
man!  it  is  the  central  body  of  the  planetary  system;  and  what 
reodeis  a  koowledlfe  oiitatmiutt  sliJl  iuof«  iotefesting  tous  is»  thai 
the  numbcfleas  stars  which  compoM  the  imiveise*  appear*  by  the 
^tactest  anaiofy,  to  be  sunilar  bodies.  Thek  innate  liglit  i»so  hi« 
tense,  tiiaft  it  reacbee  the  eye  of  the  observer  from  the  remotest  fe« 
810QS  of  space,  and  forcibly  cUims  bis  notice.  Now.  if  we  aia 
convuined  that  an  inquiry  into  the  nature  and  properties  of  the  sua 
ish^hJx  worthy  of  onr  notice^  we  may  also  with  great  satisfaction 
ae4ict  on  tfie  oonnderaUe  progress  that  has  already  been  made  in 
our  knowledge  of  this  eminent  body.  It  wonld  require  a  long  de« 
tail;  to  eonmemle  all  the  various  discoveries  which  have  been  mada 
on  this  suiijfKt ;  I  shaft  therefore  content  myself  with  giving  only  tba 
most  ramarkable  of  them. 

Sir  Isaac  Newton  has  shown  that  the  san»  by  its  attractive  poweiv 
aetaba  tbo  phmetn  of  our  system  m  their  orbits.  He  has  also 
pointed  out  the  aaethod  by  which  the  quantiliy  of  matter  it  containa 
uuy  be  aceurafely  determined.  Or.  Bradley  has  assigned  the  vo« 
locity  of  the  solar  light  with  a  degree  of  precision  exceeding  one 
utmost  fwpectation^ '  Galileo*  Scheiner,  Hevelios,  Cassio^  aud 
otliem,  have  aseertamed  the  rotation  of  the  sun  on  its  axis,  and  der- 
terjuioed  the  position  of  its  equator.  By  means  of  the  transit  o^ 
Venus  over  the  sun's  disc^  malbematidaos  have  calculated  its  die.* 
Innce  6om  the  easth;  ill  mtd  diameter  and^  magnitude ;  the  den*, 
sity  of  the  matter  of  which  it  is  composed;  and  the  fiUl  of  heav]( 
bodies  M  ita  sni&ccu  Fnoaa  the  particuhus  here  enumerated,  it  is 
obvious  that  we  haw  alnnd;y  a  very  clear  idea  of  the  vast  import- 
ance, nni  powecAil  mtecncr  of  the  swh  on  iu  planetary  ^stem*, 
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And  if  we  add  to  this  the  beneficent  effects  we  feel  on  this  globe 
from  the  diffusion  of  the  solar  rays ;  and  consider  that,  by  well 
traced  analogies,  the  same  effects  have  been  proved  to  take  place 
on  other  planets  in  this  system ;  I  should  not  wonder  if  we  were 
induced  to  thiuk  that  nothing  remained  to  be  added  in  order  to 
complete  our  knowledge:  and  yet  it  will  not  be  di£Bcult  to  show 
tliat  we  are  still  very  ignorant,  at  least  with  regard  to  the  mternal 
construction  of  the  sun.  The  various  conjectures,  which  have  been 
fbrraed  on  this  subject,  are  evident  marks  of  the  uncertainty  under 
which  we  have  hitherto  laboured. 

'  The  dark  spots  in  the  sun,  (or  instance,  have  been  supposed  to  be 
solid  bodies  revoh'Ing  very  near  its  surfkce.  They  have  been  con- 
jectured to  be  the  smoke  of  volcanos,  or  the  scum  floating  on  an 
ocean  of  fluid  matter.  They  have  alao  been  taken  for  clouds* 
They  were  exphuaed  to  be  opaque  masses,  iwinuning  in  the  fluid 
matter  of  the  sun;  dipping  down  occaidoiially.  It  has  been  sup* 
posed  thet  a  fiery  liquid  surrounded  the  man,  and  that  by  its  ebbing 
and  flowing,  the  highest  pats  of  it  were  occasionally  uncovered,  and 
appeared  under  the  shape  of  dark  spots ;  and  that,  by  the  return  of 
this  fieiy  liquid,  they  were  again  covered,  and  in  that  manner  suc- 
cessively assumed  different  phases.  The  rao  itself  has  been  called 
a  globe  of  fire,  though  perimps-metaphorically.  The  waste  it  would 
undergo  by  a  gradual  consumption,  on  the  supposition  of  its  being 
ignited,  has  been  ingemoosly  calculated.  And  in  the  same  point  of 
view,  its  immense  power  of  heating  the  bodies  of  such  comets  as 
draw  very  near  to  it  has  been  assigned. 

The  bright  q>ots,  or  fieiculae,  have  been  called  clouds  of  light,  and 
luminous  vapours.  The  light  of  the  son  itself  has  been  supposed 
to  be  directly  invisible,  and  not  to  be  perceived  unless  by  reflection ; 
though  the  prooft,  which  are  brought  in  support  of  that  opinion, 
seem  to  amount  to  no  more  than  what  is  suffieientiy  evident,  that 
we  cannot  see  when  rays  of  light  do  not  enter  the  eye. .  But  ft 
is  time  to  profit  by  the  many  valuable  observations  that  we  are  now 
in  possession  of.  A  Kst  of  successive  eminent  astronomers  may  be 
named,  from  Gkilileo  down  to  the  present  time,  who  have  furnished 
us  with  materials  for  ezaminatkHi. 

In  supporting  the  ideas  proposed  in  this  paper,  witii  regard  to  the 
physical  construction  of  the  sun,  I  have  availed  myself  of  the  labours 
of  all  these  astronomers,  but  have  been  induced  to  this  only  by  my 
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own  actual  obsemlioii  of  the  solar  phsBiioineiia }  wluch»  beaidai 
▼erif^ing  thoae  ]Nurticiikurs  that  bad  been  already  observed,  gave 
me  Mich  views  of  the  solar  regions  as  led  to  the  foandation  of  a 
very  rational  system.  For,  having  the  advantage  of  former  obser. 
vations,  my  latest  reviews  of  the  body  of  the  sun  were  inmiediately 
directed  to  the  most  essential  poinU ;  and  the  work  was  by  this 
means  facilitated,  and  eontracted  mto  a  pretty  narrow  compass^ 
The  following  is  a  short  eiitract  of  my  observations  on  the  80% 
to  which  I  have  jomed  the  consequences  I  now  believe  myself  en« 
titled  to  draw  from  them*  When  all  the  reasonings  on  the  several 
phaenomena  are  put  together,  and  a  few  additional  arguments,  taken 
irom  analogy,  which  I  shall  also  add,  are  properly  considered,  it 
will  be  found  that  a  general  conclusion  may  be  made  which  seems 
to  throw  a  considerable  light  on  our  jiresent  subject. 

In  the  year  17T9»  ^here  was  on  the  sun  a  spot  laige  enough  to  be 
seen  with  the  naked  eye.  By  a  view  of  it  with  a  seven*feet  re- 
flector, charged  with  a  very  high  power,  it  appeared  to  be  divided 
mto  two  parts.  The  larger  of  them,  on  the  19th  of  April,  measured 
1'  8''.06  in  diameter ;  which  b  equal  in  length  to  more  than  thirty-one 
tiuNisaod  miles.  Both  together  must  certainly  have  exteuded  above 
fiAy  thousand.  The  idea  of  its  being  occasioned  by  a  volcamc 
explosion,  violently  driving  away  a  fiery  fluid,  which  on  its  return 
ISOuM  gradually  fill  up  the  vacancy,  and  thus  restore  the  sun  in 
that  place  to  its  former  splendour,  ought  to  be  rejected  on  many 
accounts.  To  mention  only  one,  the  great  extent  of  the  spot  is 
very  unfavoutable  to  that  supposition.  Indeed  a  much  less  violent 
and  less  peraicions  cause  may  be  assigned,  to  account  for  all  the  ap- 
pearances of  the  spot.  When  we  see  a  dark  belt  near  the  equator 
of  the  planet  Jupiter,  we  do  not  recur  to  earthquakes  and  volcanos 
for  ila  origin.  An  atmosphere,  with  its  natural  changes,  wiU  ex- 
plain such  bells.  Our  spot  in  the  son  may  be  accounted  fiir  oa  the 
same  principles.  The  earth  is  surrounded  by  an  atoMisphere,  com- 
posed of  various  elastic  fluids.  The  sun  also  has  its  atmosphere, 
and  if  some  of  the  fluids  whicli  enter  into  its  composition  should  be 
of  a  shming  brilliancy,  m  the  manner  that  will  be  exphimed  bere* 
after,  while  others  are  merely  transparent,  any  temporary  cause 
which  may  rensove  the  lucid  fluid  will  permit  us  to  see  the  body  of 
the  sun  through  the  transparent  ones.  If  an  observer  were  placed 
on  the  moon,  he  would  see  the  solid  body  of  our  earth  only  in  those 
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places  wfiere  Hie  tmaapti^tit  fluids  of  our  ntmfnffbett  would  pep> 
Biit  him.  In  others,  the  opaque  vapoiin  would  lefleet  the  light  of 
Hie  sun,  without  peraiittiiig  his  tiew  to  peoetrate  to  the  surlhce  of 
our  glolie.  He  would  probably  also  find  that  our  planet  had  or- 
casioaally  some  shining  fluids  hi  its  atmospheie;  as,  not  unlftely, 
some  of  our  northern  lights  night  not  escape  his  notiee»  if  they  hap- 
pened in  the  uneuUgbtened  part  of  the  earth,  and  were  aeetl  by  him 
in  his  long  dark  n%ht«  Nay,  we  bate  pretty  good  reason  to  be- 
lieve, that  probably  all  the  planets  emit  light  in  some  degree;  for 
the  illuminalion  which  remains  on  the  moon  in  a  total  eclipse  cannot 
be  entirely  ascribed  to  the  light  which  may  reach  it  by  the  refiiction 
of  the  earth's  atmosphere.  For  instance,  hi  the  ecHpse  of  the  moon, 
which  happened  October  22«  179O,  the  rays  of  the  sun  refVacted 
by  the  atmosphere  of  the  earth  towards  the  moon,  admitting  the 
mean  boriaontal  refraction  to  be  SO'  50^.8,  woidd  meet  in  a  fbcus 
above  109  thoussnd  miles  beyond  the  moon ;  so  that  consequently 
there  oould  be  no  illumination  from  tays  refracted  by  our  atmos- 
spbere*  It  is  howover  not  improbable,  that  about  the  polar  regions 
of  the  cardi  there  amy  be  raftactioo  enough  to  bring  some  of  tiie 
solar  rays  to  a  shorter  focus.  The  distance  of  the  moon  at  the 
time  of  the  eclipse  would  require  a  refraction  of  54'  6^9  equal  to  its 
horicontal  parallax  at  that  time,  to  bring  them  to  a  focus  so  as  to 
throw  ligbt  on  the  moon. 

The  unenlightened  part  of  the  planet  Venus  has  also  been  seen  by 
different  persons,  and,  not  having  a  satellite,  those  regions  that  are 
turned  from  the  san  cannot  possibly  shine  by  a  borrowed  light )  so 
that  thisfiimt  ttlummation  must  denote  some  phosphoric  quality  (tf 
the  atmoqihere  of  VeUus*  In  the  instance  of  our  large  spot  on  the 
sun,  I  concluded  from  appearances,  that  I  viewed  the  real  solid 
liody  of  the  sun  itadf,  of  whkh  we  rarely  see  more  than  its  shining 
asuMMphere.  In  the  year  1788,  I  observed  a  fine  large  spot,  and 
followed  it  up  to  the  edge  e€  the  sun's  Ihnb.  Here  I  took  notice 
that  the  spot  was  plainly  depressed  below  the  surlace  of  the  sun  ; 
and  that  it  had  very  broad  shelving  sides.  I  also  suspected  some 
part  at  least  of  the  sbelvialg  sides  to  be  elevated  above  the  surface 
of  the  sua }  and  observed  that,  contrary  to  what  usually  happens, 
the  margin  of  that  side  of  the  spot,  which  was  farthest  from  the 
limbi  was  the  broadest.   - 

The  Inaunoiis  shelvhig  sides  of  a  spot  may  be  expMied  by  m 
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gentle  ud  gradual  lemoval  of  the  ihining  fldd>  which  permit!  w 
to  fee  the  globe  of  the  tuii.  As  to  the  uneommon  appcaraDce  of 
tlie  broadest  margui  bemg  on  that  side  of  the  spot  which  wat 
farthest  from  the  liiab  when  the  spot  came  near  the  edge  of  it,  we 
may  swrmtse  that  the  sun  has  inequalities  on  its  surface,  which  may 
possibly  be  the  cause  of  it.  For  when  mountainous  countries  are 
eiposed,  if  it  should  chance  that  the  highest  parts  of  the  landscape 
are  situated  so  as  to  be  near  that  side  of  the  maigin,  or  penumbra 
of  the  spot,  which  is  towards  the  limb^  it  may  partly  intercept  our 
view  of  it»  when  the  spot  is  seen  very  obliquely.  This  would  re* 
5|uire  elevations  at  least  5  or  6  hundred  miles  high ;  but  considering 
the  great  attraction  exerted  by  the  sun  on  bodies  at  its  surface,  and 
the  slow  revolution  it  has  on  its  aiis,  we  may  readily  admit  in* 
equalities  to  that  amount  From  the  centrifugal  force  at  the  sun's 
equator,  and  the  we%ht  of  bodies  at  its  surface,  I  compote  that 
the  power  of  throwing  down  a  mountain  by  the  exertion  of  the 
Ibmier,  babneed  by  the  superior  force  of  keeping  it  in  its  situation 
of  the  latter,  is  near  6^  time  lets  on  the  sun,  than  on  our  equatorial 
jregtoiis  t  and  as  an  elevation  similar  to  one  of  three  miles  on  the 
earth  would  not  be  less  than  334  miles  on  the  sun,  tliere  can  l>e  no 
doubt  but  that  a  mountain  much  higher  would  stand  very  firmly. 
The  little  density  of  the  solar  body  seems  also  to  be  m  fwfor  of  the 
height  of  its  mountains;  for,  cssteris  paribus,  dense  bodies  wfll 
sooner  cowat  to  thefar  level  than  rare  ones.  Tlie  difierence  in  the 
vanishing  of  the  shelving  side,  instead  of  explaining  it  by  mountains 
may  also,  and  perhaps  more  satifiu:torily,  be  accounted  from  the 
real  diflerence  of  the  extent,  the  arrangenMnt,  the  height,  and  the 
intensity  of  the  sfahiing  fluid,  added  to  the  occasional  changes  that 
may  happen  m  these  paiticnhus,  during  the  time  m  which  the  spot 
appvoaches  to  the  edge  of  the  disc.  However,  by  admittmg  large 
moantaias  on  the  snr&ee  of  the  sun;  we  shall  account  for  the  dif» 
ferent  opmions  of  two  eminent  astronomers ;  one  of  whom  believed 
the  spots  depressed  below  the  son^  while  the  other  supposed  them 
elevated  above  it.  For  it  is  not  improbable  that  some  of  the  solar 
mountains  may  be  high  enough  occasionally  to  project  above  the 
shining  ehttlic  fluid,  when,  by  some  agitation  or  other  cause*  it  is 
not  of  the  usual  height;  and  this  ophiioo  is  much  strengthened  by 
the  retuin  of  some  rematfcable  spots,  which  served  Casshii  to  wa^ 
certain  the  period  of  the  son's  rotatiosu    A  very  high  eountiy,  or 
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cfaaio  of  mountaios,  may  oftener  become  visible,  by  tbe  removal  of 
the  obstructing  fluid,  than  the  lower  regions^  on  account  of  its  not 
being  so  deeply  covered  with  it 

In  the  year  1791>  I  examined  a  large  spot  in  the  sun,  and  found 
it  evidently  depressed  below  tbe  level  of  the  surface }  about  the  dark 
part  was  a  broad  margin,  or  plane  of  considerable  extent » less  bright 
than  the  sun,  and  also  lower  than  its  surface.  This  plane  seemed  to 
rise,  with  shelving  sides,  up  to  the  place  where  it  jomed  the  level  of 
the  surface.  In  confirmation  of  these  appearances,  I  carefully  re* 
marked  that  the  disc  of  the  sun  was  visibly  convex ;  and  the  reason 
of  my  attention  to  this  particular,  was  my  being  already  long  ac- 
quainted with  a  certain  optkal  deception,  that  takes  place  now  and 
then  when  we  view  the  moon;  which  is,  that  all  the  elevated  S]>ots 
on  its  surface  will  seem  to  be  cavities,  and  all  cavities  will  assume 
the  shape  of  mountains.  But  then,  at  the  same  time  the  moon, 
instead  of  having  the  convex  appearance  of  a  globe,  will  seem  to 
be  a  large  concave  portion  of  a  hollow  spliere.  As  soon  as,  by  the 
force  of  imagination,  you  drive  away  the  fallacious  appearance  of 
a  concave  moon,  yon  restore  the  mountains  to  their  protuberance, 
and  sink  the  cavittet  again  below  the  level  of  the  surface.  Now, 
when  I  saw  tbe  spot  lower  than  the  shining  matter  of  the  sun,  and 
an  extended  plane,  also  depressed,  with  shelving  sides  rising  up  to 
the  level,  I  also  found  that  the  sun  was  convex,  and  appeared  in  its 
natural  globular  state.  Hence  1  conclude  that  there  could  be  no 
deception  in  those  appearances. 

How  very  ill  would  this  observation  agree  with  the  ideas  of  solid 
bodies  bobbing  up  and  down  in  a  fiery  liquid?  with  the  smoke  of 
Tolcanos,  or  scum  on  an  ocean  1  And  how  easily  it  is  e&plaitied 
on  the  foregoing  theory.  The  removal  of  the  shining  atmospliere, 
which  permits  us  to  see  the  sun,  must  naturally  be  attended  with  a 
gradual  diminution  on  its  borders ;  an  instance  of  a  similar  khid  we 
have  daily  before  us,  when  through  the  opening  of  a  cloud  we  see 
the  sky,  which  generally  is  attended  by  a  surrounding  hasrness  of 
some  short  extent ;  and  seldom  transits,  from  a  perfect  clearness, 
at  once  to  the  greatest  c^iscurity. 

Aiigust  26,  1792, 1  exammed  the  sun  with  several  powers,  from 
90  to  600.  It  appeared  evidently  tliat  tbe  black  spots  are  the 
opaque  ground,  or  body  of  the  sun;  and  that  the  lommons part  is 
«n  attuqiplieiei  wbkb,  being  iBteirupted  or  broken^  gives  us  a 
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transient  glimpse  of  the  sun  itself.  The  7*feet  reflector,  which  was 
in  high  perfection,  represented  the  spots,  as  it  always  used  to  do, 
much  depressed  below  the  surface  of  the  luminous  part.  Sept. 
2,  i792»  I  saw  two  spots  in  the  sun  with  the  naked  eye.  In  the  te- 
lescope I  found  they  were  clusters  of  spots»  with  many  scattered 
ones  besides.  Every  one  of  them  was  certainly  below  the  surface 
of  the  luminous  disc.  Sept.  8,  1793,  having  made  a -small  specu- 
lum, merely  brought  to  a  perfect  figure  on  bones,  without  polish^ 
1  found,  that  by  stifling  a  great  part  of  the  solar  rays,  the  object 
q[>eculum  would  bear  a  greater  aperture  ;  and  thus  enabled  me  to 
see  with  more  comfort,  aud  less  danger.  The  surface  of  the  sua 
was  unequal  ;  many  parts  of  it  being  elevated,  and  others  depress- 
ed. This  b  here  to  be  understood  of  the  shining  surface  only,  as 
the  real  body  of  the  sun  can  probably  be  seldom  seen^  otherwise 
than  in  its  black  spots.  It  may  not  be  impossible,  as  light  as  m 
transparent  fluids  that  the  sun's  real  surface  also  may  now  and  then 
be  perceived ;  as  we  see  the  shape  of  the  wick  of  a  candle  through 
its  flame,  or  the  contents  of  a  furnace  in  the  midst  of  the  brightest 
glare  of  it ;  but  this  I  should  suppose  will  only  happen  where  the 
lucid  matter  of  the  stm  is  not  very  accumulated. 

Sept.  9$  I79^f  I  found  one  of  the  dark  spots  in  the  sun  drawn 
pretty  near  the  preceding  edge.  lu  its  neighbourhood  I  saw  a  great 
bumber  of  elevated  bright  places,  making  various  figures :  I  shall 
call  tliem  faculas,  with  Hevelius ;  but  without  assigning  to  this  term 
any  other  meaning  than  what  it  will  hereafter  appear  ought  to  be 
given  to  it.  I  saw  these  faculs  extended,  on  the  preceding  side, 
over  about  I  part  of  the  sun;  but  so  far  from  resembling  torches, 
they  appeared  like  the  shrivelled  elevations  on  a  dried  apple,  ex« 
tended  in  length,  and  most  of  them  joined  together,  makmg  waves, 
or  wavmg  lines.  By  some  good  views  in  the  afternoon,  I  found 
that  the  rest  of  the  surface  of  the  sun  does  not  contain  any  faculs, 
except  a  few  on  the  followmg,  and  equatorial  part  of  the  sun. 
Towards  the  north  and  south  I  saw  no  faculse ;  there  was  all  over 
the  sun  a  great  unevenness  in  the  surface,  whkh  had  the  appearance 
of  a  mixture  of  small  points  of  an  unequal  light ;  but  they  are  evi« 
dently  an  uneveuness  or  roughness  of  high  and  low  parts. 

Sept.  11,1792,  the  faculae  in  the  preceding  pait  of  the  sun,  were 
much  gone  out  of  the  disc,  aud  those  in  the  following  come  on. 
A  dark  spot  also  was  come  on  with  them.    Sept.  13,  \79^»  ^^ero 
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were  a  great  Dumber  of  faculs  on  the  equatorial  part  of  tlie  sua, 
towards  the  preceding  and  following  parts.  There  were  none  to* 
wards  the  poles;  but  a  roughness  was  visible  every  where*  Sept* 
16>  179*2,  the  sun  contained  many  large  faculae^  on  the  following 
side  of  its  equator,  and  also  several  on  the  preceding  side.  But 
none  about  the  poles.  They  seemed  generally  to  accompany  the 
spots,  and  probably,  as  the  faculae  certainly  were  elevations,  a 
great  number  of  them  may  occasion  neighbouring  depressions,  that 
is,  dark  spots. 

The  facuiae  being  elevations,  very  satisfactorily  explains  the  rea* 
sou  why  they  disappear  towards  the  middle  of  the  sun>  and  re- ap- 
pear on  the  other  margb ;  for,  about  the  place  where  we  lose  them, 
Ihey  begin  to  be  edge-ways  to  our  view ;  and  if  between  the  facuiae 
should  lie  dark  spots,  they  will  most  frequently  break  out  in  the 
middle  of  the  sun,  because  they  are  no  longer  covered  by  the  side 
views  of  these  facuiae* 

Sept.  22,  1792j  there  were  not  many  facuiae  m  tl^e  sun,  and  but 
few  spots ;  the  whole  disc  however  was  very  much  marked  with 
roughness,  Hke  au  orange.  Some  of  the  lowest  parts  of  the  inequa- 
lities were  blackish.  Sept  23, 1792,  the  following  side  of  the  sun 
contained  many  faculoe>  near  the  limb*  They  took  up  an  arch  of 
about  50^.  There  were  likewise  some  on  the  precedmg  side.  The 
north  and  south  rough  as  usual;  but  differently  disposed.  The 
facuiae  were  ridges  of  elevations  above  the  rough  surface.  Feb.  23, 
1794,  by  an  experiment  just  then  tried,  I  found  it  confirmed  that 
the  sun  cannot  he  so  distinctly  viewed  with  a  small  aperture  and 
famt  darkening  glasses,  as  with  a  large  aperture  and  stronger 
ones ;  this  latter  is  the  method  I  always  use.  One  of  the  black 
stops  on  the  precedmg  margin,  which  was  greatly  below  the  sur- 
face of  the  sun,  had  next  to  it  a  protuberant  lump  of  shining 
matter,  a  little  brighter  than  the  rest  of  the  sun*  About  all  the 
spots  the  shining  matter  seemed  to  have  been  disturbed ;  and  wa^ 
uneven,  lumpy,  and  zig-zagged  in  an  irregular  manner.  I  call  the 
spots  black,  not  that  they  are  entirely  so,  but  meerly  to  dbtinguish 
them ;  for  there  was  not  one  of  them  which  was  not  partly,  or  en- 
tirely, covered  over  with  whitish  and  unequally  bright  nebulosity, 
or  cloudiness*  This,  in  many  of  them,  comes  near  to  an  extinction 
of  the  spot ;  and  in  others  seems  to  bring  on  a  subdivision. 
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Sept  28^  1794f  there  was  a  dark  spot  io  the  nm  on  the  follow- 
iug  aide.    It. was  certaialy  depressed  below  the  shining  atmosphere* 
and  had  shelyiog  sides  of  shining  matter,  which  rose  up  higher  than 
the  general  surface,  and  were  brightest  at  the  top.     The  preced- 
ing shelving  side  was  rendered  almost  invisible,  by  the  overhanging 
of  the  preceding  elevations;  while  the  following  was  very  well  ex- 
posed :  the  spot  being  apparently  sncfa  in  figure  as  denotes  a  circii* 
lar  form,  viewed  in  an  oblique  direction.     Near  the  following 
maigin  were  maiiy  bright  elevations,   close  to  visible  depressions* 
The  depressed  parts  less  bright  than  the  common  surface.    The 
penumbra,  as  it  is  called,  about  this  spot,  was  a  considerable  plane, 
of  less  brightness  than  the  common  surface,  and  seemed  to  be  as 
much  deprjessed  below   that  surface  as  the  spot  was  below  the 
plane.    Hence,  if  the  brighness  of  the  sun  is  occasioned  by  the 
lucid  atmosphere,  the  intensity  of  the  brightness  must  be  less  where 
it  is  depressed  ;  for  light,  being  transpareot*  must  be  the  more  in- 
tense  the  more  it^  deep. 

Oct.  12,  179^  the  whole  surface  of  the  sun  was  diversified  by 
inequality  in  the  elevation  of  the  shining  atmosphere.  The  lowest 
partf  were  every  where  darkest ;  and  every  little  pit  had  the  ap- 
pearance of  a  more  or  less  dark  spot.  A  dark  spof,  on  the  pre- 
ceding side,  was  surrounded  by  very  great  inequalities  in  the  eleva. 
tioo  of  the  Incid  atmosphere ;  and  its  depression  below  the  same 
was  bounded  by  an  ioiniediate  nsuig  of  very  bright  light.  Oct. 
Id,  179^  the  spot  in  the  sou  observed  yesterday  was  drawn  so  near 
ttbe  margin^  that  the  elevated  side  of  the  following  part  of  it  hid 
all  the  black  ground^  and  still  left  the  cavity  visible,  so  that  the  de- 
pression of  the  black  spots,  aud  the  elevation  •of  the  faculse,  were 
equally  evident. 

It  wiU  BOW  be  easy  to  bring  the  result  of  these  observations  int6 
m  very  narrow  compass.  That  the  sun  has  a  very  extensive  at- 
mosphere cannot  be  doubted ;  and  that  this  atmosphere  consists  of 
Tarioos  elastic  fluids,  that  ai«  more  or  less  ludd  and  tnin^rent,  and 
of  which  the  lucid  one  is  that  which  furnishes  us  with  light,  seems 
also  to  be  fully  established|»y  all  the  phaenomena  of  its  spots,  of  the 
faculse,  and  of  the  ludd  snrfiMe  itself.  There  is  no  kind  of  variety 
in  these  appearances  that  may  not  be  accounted  for  with  the  greatest 
facility,  from  the  continual  agitation  which  we  may  easily  conceive 
must  take  place  in  the  regions  of  such  extensive  elastic  fluids.    It 
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Mfill  be  necessary,  however,  to  be  a  little  more  partkular,  as  to  the 
manner  in  which  I  suppose  the  lucid  fluid  of  the  sun  to  be  generated 
in  its  atmosphere.  An  analogy  that  may  be  drawn  from  the  ge- 
neration of  clouds  in  our  own  atmosphere,  seems  to  be  a  very  pro- 
per one,  and  full  of  instruction.  Our  clouds  are  probably  decom* 
positions  of  some  of  the  elastic  fluids  of  the  atmo^here  itself,  when 
such  natural  causes,  as  in  this  grand  chemical  laboratory  are  gene- 
rally at  work,  act  on  them  ;  we  may  therefore  admit  that  in  the 
very  extensive  atmosphere  of  the  sun,  from  causes  of  the  same  na- 
ture, similar  phsooomena  will  take  place ;  but  with  this  difference, 
that  the  continual  and  very  extensiTe  decompositions  of  the  elastic 
fluids  of  the  sua,  are  of  a  phosphoric  nature,  and  attended  with 
lucid  appearances^  by  giving^out  light* 

If  it  should  be  objected,  that  swch  violent  and  unremitting  decom- 
positions would  exhaust  the  sun,  we  may  recur  again  to  our  analogy, 
which  will  fiimish  us  with  the  following  reflections.  The  extent  of 
our  own  atmosphere,  we  see  b  still  preserved,  nqtwithstanding  the 
copious  decompositions  of  its  fluids,  in  clouds  and  falling  rain  ;  in 
flashes  of  lightning,  in  meteors,  and  other  luminous  phenomena ; 
because  there  are  fresh  supplies  of  elastic  vapours,  continually  as- 
cending to  make  good  the  waste  occasioned  by  tliose  decompositions. 
But  it  may  be  urged,  that  the.  case  with  the  decomposition  of  the 
ehutic  fluids  m  the  solar  atmosphere  would  be  very  different,  since 
light  is  emitted,  and  does  not  return  to  the  sun,  as  clouds  do  to  the 
earth  when  they  descend  in  showers  of  rain.  To  which  I  answer, 
that  in  the  decomposition  of  pho^horic  fluids  every  other  ingredient 
but  light  may  also  return  to  the  body  of  tiie  sun.  And  that  the 
emission  of  light  must  waste  the  sun,  is  not  a  difficulty  that  can  be 
opposed  to  our  hypothesis.  For  as  it  b  an  evident  fact  that  the  sun 
does  emit  light,  the  same  objection;  if  it  could  be  one,  would  equally 
militate  against  every  other  assignaUe  way  to  account  for  the  phe- 
nomenon. 

There  are  also  considerations  that  may  lessen  tiie  pressure  of  this 
alledged  difficulty.  We  know  the  exceeding  subtilty  of  light  to  be 
such,  that  m  ages  of  time  its  emanation  from  the  sun  cannot  very 
sensibly  lessen  the  siae  of  thb  great  body.  To  thb  may  be  added, 
that  very  possibly  there  may  aLM>  be  ways  of  restoration  to  compen- 
sate for  what  is  lost  by  the  emission  of  light ;  though  the  manner  in 
which  thb  can  be  biought  about  should  not  appear  to  us.    Many  of 
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tlie  opemtioiis  of  uatim  are  carried  on  in  her  great  labaratoryj  which 
we  cannot  comprehend ;  but  now  aiid  th^  we  see  some  of  the  tools 
with  which  she  is  at  work.     We  need  not  wonder  that  their  construc- 
tion should  be  so  stngnlar  as  to  induce  us  to  confess  our  ignorance 
of  the  method  of  employing  them,  hut  we  may  rest  assured  that 
tliey  are  not  a  mere  losus  natune.     I  allude  to  the  great  number  of 
small  telescopic  comets  that  have  been  observed ;  and  to  the  fttt 
greater  number  still  that  are  probably  much  too  small  for  being  no- 
ticed by  our  most  diligent  searchers  aAer  them.    Those  6,  for  in- 
stance, which  ray  sister  has  discovered,  I  can  from  examination 
affirm  bad  not  the  least  appearance  of  any  solid  nucleus,  and  seemed 
to  be  mere  collections  of  vapours  condensed  about  a  centre.    Fiva 
more«  that  I  have  also  observed,  were  nearly  of  the  same  nature. 
This  throws  a  mystery  over  their  destination,  which  seems  to  plaoa 
them  in  the  allegorical  view  of  tools,  probably  designed  for  soma 
salutary  purposes  to  be  wrought  by  them ;  and,  whether  the  resto* 
lajtion  of  what  is  lost  to  the  sun  by  the  emission  of  light,  the  possi- 
bility of  which^we  liave  been  mentioning  above,  may  not  be  one  of 
these  purposes^  I  shall  not  presume  to  determine.    The  motion  of 
the  tfomet  discovered  by  Mh  Messier  in  June  1770,  plainly  indica* 
ted  how  much  its  orbit  was  liable  to  be  changed  by  the  perturba- 
tions of  tiie  planets;  from  which,  and  the  little  agreement  that  can 
be  found  between  the  elements  of  the  orbits  of  all  the  comets  that 
iiave  been  observed,  it  appears  clearly  that  they  nray  be  directed 
to  carry  their  salutary  influence  to  any  part  of  the  heavens* 
'  My  hypothesis,  however,  as  before  observed,  does  not  lay  me  on« 
der  any  obligation  to  explain  how  the  sun  can  snstam  the  waste  of 
light,  nor  to  show  that  it  will  sustain  it  for  ever ;  and  I  sliould  also 
'^femark  that,  as  in  the  analogy  of  generating  clpuds,  I  merely  allude 
to  tbeir  production  as  owing  to  a  decomposition  of  some  of  the 
'  clastic  4kikls  of  our  atmosphere,  that  analogy,  which  firmly  rests  on 
the  fact,  will  not  be  less  to  my  purpose  to  whatever  cause  these 
clouds  may  owe  their  origin.    It  is  the  same  with  the  lucid  clouds, 
if  I  may  so  call  them,  of  the  sun.    Hiey  plainly  exist,  because  we 
see  them ;  the  manner  of  theur  being  generated  may  remain  an 
hypothesis ;  and  mine,  till  a  better  can  be  proposed,  may  stand 
good ;  but  whether  it  does  or  not,  the  consequences  I  am  going  to 
draw  from  what  has  been  said,  will  not  be  affected  by  it. 

Before  I  proceed,  I  shall  only  pomt  ont^  that  according  to  the 
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above  theofy,  a  dark  tpot  in  the  sun  »  a  place  in  its  atmosphere 
Hhieh  happens  to  be  free  from  luminous  decompositions  ;  and  that 
faculse  are,  on  the  contrary,  more  copious  mixtMres  of  such  fluids  as 
decompose  each  other.  Tlie  penumbra  which  attends  the  spots* 
hi'mg  generally  depressed  more  or  less  to  about  half  way  between 
the  solid  body  of  the  sun  and  the  upper  part  of  those  regions  in  which 
luminous  decompositions  take  place,  most  of  course  be  iainter  than 
other  parts.  No  spot  favourable  for  taking  measures  having  lately 
been  on  the  sun,  I  can  only  judge,  from  former  appearances*  that 
the  regions  in  which  the  luminous  solar  clouds  are  formed,  adding 
also  the  elevation  of  the  fhculse,  cannot  be  less  than  1 843,  nor  much 
more  than  27^5  miles  in  length.  It  is  true  that  in  our  atmosphere 
the  eatent  of  the  clouds  is  Umited  to  a  very  narrow  compass ;  but 
we  ought  rather  to  compare  the  solar  ones  to  the  lumioous  decom* 
positions  which  take  place  in  our  aurcMii  boreaUs^  or  luminous 
arches*  which  extend  muck  farther  than  the  cloudy  regions.  The 
density  of  the  luminous  solar  clouds*  though  very  great*  may  Qot 
be  exceedingly  more  so  than  that  of  our  aurora  borealis.  For  if  we 
consider  what  would  be  the  brilliancy  of  a  space  of  two  or  three 
thousand  miles  deep*  filted  with  such  coruscations  as  we  see  now 
and  then  in  our  alflso^^here*  their  apparent  intensity*  when  viewed 
at  the  distance  ef  the  sun,  ought  not  be  much  mferior  to  that  of  the 
lucid  sotar  flukl* 

From  the  kmnmiis  atmosphere  of  the  sun  I  proceed  to  its 
opaque  body*  which  by  caloulatioo  from  the  power  it  exerts  on  the 
pbnetB  we  know  to  be  of  great  solidity ;  and  from  the  phaenomena 
of  the  darii  spots*  many  of  which*  probably  on  account  of  theur 
high  situations*  have  been  repeatedly  seen*  and  otherwise  denote 
inequalities  in  their  level*  we  surmise  that  its  surface  is  diversified 
with  mountains  and  valleys. 

What  has  been  said  enables  us  to  come  to  some  very  important 
conclusions*  by  remarking,  that  this  way  of  considering  the  sun  and 
its  atmosphere*  remvoes  the  great  dissimilarity  we  have  hitherto 
been  used  to  find  between  its  condition  and  that  of^he  rest  of  the 
great  bodies  of  the  solar  systenu  The  sun*  viewed  in  thb  light* 
appears  to  be  notiuog  else  than  a  very  eminent*  large*  and  lucid 
planet*  evidently  the  first*  or  in  strictness  of  speaking*  the  only  pri* 
mary  one  of  our  system;  all  others  bemg  truly  secondary  to  it.  Its 
similiaiity  to  the  other  globes  of  tlie  solnr  s^timi  with  regard  to  its 
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solidHy,  its  atmosphefe^  and  its  diversified  surface ;  tbe  rotation  on 
its  axis,  and  tlie  fall  of  heavy  bodies,  leads  us  on  to  suppose  that  it 
is  most  probably  also  inhabited^  like  the  rest  of  the  planets,  by  beings 
whose  organs  are  adapted  to  the  peculiar  circumstances  of  that  vast 
globe.  Whatever  fanciful  poets  might  say,  in  making  the  sun  the 
abode  of  blessed  spirits,  or  angry  moralists  devise,  in  pointing  it  out 
as  a  fit  place  for  tbe  punishment  6f  the  wicked,  it  does  not  appear 
that  they  had  any  other  foundation  for  their  assertions  than  mee^ 
opmion  and  vague  surmise;  but  now  I  think  myself  authorised,  on 
astronomical  principles,  to  propose  the  sun  as  an  inhabitable  worlds 
aind  am  persuaded  that  the  foregoing  observations,  with  tbe  conclu* 
aions  I  have  drawn  from  them,  are  fully  sufficient  to  answer  every 
objection  that  may  be  made  against  it. 

It  may,  however,  not  be  amiss  to  remove  a  certain  difficulty,  which 
arises  from  the  efiect  of  the  sun's  rays  on  our  globe.  Tbe  heat  which 
is  here,  at  the  distance  of  95  millions  of  miles,  produced  by  these 
lays,  is  so  considerable,  that  it  may  be  objected,  that  the  surface  of 
the  globe  of  the  sun  itself*  must  be  scorched  up  beyond  all  conception. 
This  may  be  very  substantially  answered  by  many  proofs  drawn 
from  natural  philosophy,  which  show  that  heat  b  produced  by  tha 
son's  rays  only  when  they  act  on  a  calorific  medium;  they  are  the 
cause  of  the  production  of  heat,  by  uniting  with  the  matter  of  firv, 
-which  is  contained  in  the  substances  that  are  heated :  as  tbe  collison 
of  flIAt  and  steel  wilt  infiana  a  magazine  of  gunpowder,  by  putting 
an  the  faitent  fire  it  contains  into  action.  But  an  instance  or  two  of 
the  manner  in  which  the  solar  rays  produce  their  efiect,  will  bring 
this  home  to  our  most  common  experience. 

On  the  tops  of  mountains  of  a  sufficient  height,  at  an  ahitdde 
'  wher«  donds  can  very  seldom  reach,  to  shelter  them  from  the  direct 
fays  of  the  sun,  we  always  find  regions  of  ice  and  snow.  Now  if  the 
solariBiiys  themselves  conveyed  all  the  heat  we  find  on  thb globe,  it 
Ought  to  b^  hottest  where  their  course  is  least  interrupted.  Again,  our 
aSronaut^  all  confirm  the  coldness  of  the  upper  regions  of  the  atmos« 
phere ;  and  since  therefbre  even  on  our  earth,  the  heat  of  any  situ- 
ation depends  on  the  aptness  of  the  medium  to  yield  to  the  impres« 
sion  of  the  solar  rays,  we  have  only  to  admit,  that  on  tbe  sun  itself, 
(he  elastic  fluids  coniposatg  its  atmosphere,  and  the  matter  on  its 
surface,  are  of  such  a  nature  as  not  to  be  capable  of  any  excessive 
afifection  fipom  its  owil  rays }  and  indeed  this  seems  to  be  proved  bj^^ 
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the  copiouB  emission  of  them  ;  for  if  the  elastic  Aaids  of  the  at mos^ 
phere,  or  the  matter  contained  on  the  surface  of  the  sun,  were  of 
such  a  nature  as  to  admit  of  an  easy  chemical  combination  with  its 
rays,  their  emission  would  be  much  impeded. 

Another  well-known  fact  is»  that  the  solar  focus  of  the  largest 
lensy  thrown  into  the  air,  will  occasion  no  sensible  heat  in  the  place 
where  it  has  been  kept  for  a  considerable  time,  though  its  power  of 
exciting  combustion,  when  proper  bodies  are  exposed,  should  be 
sufficient  to  fuse  the  most  refractory  substances*  It  will  not  be  ne- 
cessary to  mention  other  objections,  as  I  can  think  of  none  that 
may  be  made,  but  what  a  proper  consideration  of  the  foregoing  ob- 
servations will  easily  remove;  such  as  may  be  urged  from  the  dis- 
similarity between  the  luminous  atmoiphere  of  the  sun  and  that  of 
our  globe  will  be  touched  on  hereafter,  when  I  consider  the  objec- 
tions that  may  be  assigned  against  the  moon's  being  an  inhabitable 
satellite. 

1  bhall  now  endeavour,  by  analogical  reasonmgs,  to  support  the 
ideas  I  have  suggested  concerning  the  construction  and  purposes  of 
the  sun ;  in  order  to  which  it  will  be  necessary  to  begin  with  such 
arguments  as  the  nature  of  the  case  will  admit,  to  show  that  our 
moon  is  probably  inhabited.  This  satellite  is  of  all  the  heavenly 
bodies  the  nearest,  and  therefore  most  ivithin  the  reach  of  our  teles- 
copes. Accordingly  we  find,  by  repeated  mspection,  that  we  can 
with  perfect  confidence  give  the  following  account  of  it.  It  is  a 
secondary  planet,  of  a  considerable  size ;  the  surface  of  which  is  di- 
versihed,  like  that  of  the  earthy  by  mountains  and  valleys.  Its 
situation,  with  respect  to  the  sun,  is  much  like  that  of  the  earth ; 
and,  by  a  rotation  on  its  axis,  it  enjoys  an  agreeable  variety  of 
seasons,  and  of  day  and  night.  To  the  moon,  our  globe  will  appear 
to  be  a  very  capital  satellite  ;  undergoing  the  same  regular  changes 
of  illuminations  as  the  moon  does  to  the  earth.  The  sun,  the 
planets,  and  the  starry  constellations  of  the  heavens,  will  rise  and  set 
there  as  tliey  do  here ;  and  heavy  bodies  will  fall  on  the  moon  as 
they  do  on  the  earth.    There  seems  only  to  be  wanting,  in  order 

to  complete  the  analogy,  that  it   should  be    inhabited  like  th^ 
earth. 

To  this  it  may  be  objected,  that  we  perceive  no  large  seas  in  the 

moon  I  that  its  atmosphere,  the  existence  of  which  has  even  been 

doubled  by  many,  is  extremely  irarci  and  unfit  for  the  purposes  of 
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animal  life ;  that  its  diniates,  its  seasons,  and  the  length  of  its 
days,  totally  differ  from  ours  ^  that  without  dense  clouds,  which  the 
moon  has  not,  there  can  be  no  rain ;  perhaps  no  rivers,  no  lakes. 
In  short,  that  notwithstanding,  the  similarity  which  has  been  pointed 
out,  there  seems  to  be  a  decided  difference  in  the  two  planets  we 
have  compared.    My  answer  to  this  wilt  be,  that  that  very  differ- 
ence which  is  now  objected,  will  rather  strengthen  the  force  of  my 
argument  than  lessen  its  value :  we  find>  even  on  our  globe,  that 
there  is  the  most  striking  difference  in  the  situation  of  the  creatures 
that  live  on  it.     While  man  walks  on  the  ground,  the  birds  fly  in 
the  air,  and  fishes  swim  in  water  ;  we  can  certainly  not  object  to 
the  conveniences  afforded  by  the  moon,  if  those  that  are  to  inhabit 
its  regions  are  fitted  to  their  conditions,  as  well  as  we  on  this  globe 
are  to  ours*     An  absolute,  or  total  sameness,  seems  rather  to  denote 
imperfections,  such  as  nature  never  exposes  to  our  view ;  and,  on 
this  account,  I  believe  the  analogies  that  have  been  mentioned  are 
fully  sttfiicient  to  establish  the  high  probability  of  the  moon's  being 
inhabited  like  the  earth. 

To  proceed,  we  will  now  suppose  an  inhabitant  of  the  moon, 
who  has  not  properly  considered  such  analogical  reasonings  as  might 
induce  him  to  surmise  that  our  earth  is  inhabited,  were  to  give  it  as 
his  opinion  that  the  use  of  that  great  body,  which  he  sees  in  his 
neighbourhood,  is  to  carry  about  his  litile  globe,  that  it  may  be 
properly  exposed  to  the  light  of  the  sun,  so  as  to  enjoy  an  agreeable 
and  useful  variety  of  illumination,  as  well  as  to  give  it  light  by  re- 
flection from  the  sun,  when  direct  day-light  cannot  be  had.  Sup* 
pose  also  that  the  inhabitants  of  the  satellites  of  Jupiter,  Saturn, 
and  the  Georgian  planet,  were  to  consider  the  primary  ones,  to 
which  they  belong,  as  mere  attractive  centres,  to  keep  together 
their  orbits,  to  direct  their  revolution  round  the  sun,  and  to  supply 
them  with  reflected  light  in  the  absence  of  direct  illumination. 
Ought  we  not  to  condemn  their  ignorance,  as  proceeding  from  want 
of  attention  and  proper  reflection  1  It  is  very  true  that  the  earth,  and 
those  other  planets  that  have  satellites  about  them,  perform  all  the 
offices  that  have  been  named,  for  the  inhabitants  of  these  little 
globes  ;  but  to  us,  who  live  on  one  of  these  planets,  their  reason- 
ings cannot  but  appear  very  defective  ;  when  we  see  what  a  magnt. 
ficemt  dwelling-place  the  earth  affords  to  numberless  intelligent 
J?eings. 
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Tb€se  considerations  ought    to    make  the  inhabitants  of  the 
planets  wiser  than  we  have  supposed  those  of  their  satellites  to  be. 
We  surely  o<ight  not,  like  them,  to  say  **  the  sun   (that  immense 
globe^  whose  body  would  much  more  than  fill  the  whole  orbit  of 
the  moon)  is  merely  an  attractive  centre  to  us.**    From  experience 
we  can  affirm,  that  the  performance  of  the  most  salutary  offices  to 
hiferior  planets,  is  not  inconsistent  with  the  dignity  of  superior  pur- 
poses ;  and,  in  consequence  of  such  analogical  reasonings,  assisted 
by  telescopic  views,  which  plainly  favour  the  same  opmion,  we  need 
not  hesitate  to  admit  that  the  sun  is  richly  stored  with  inhabitants. 
Ttiis  way  of  considering  the  sun  is  of  the  utmost  importance  in 
.  its  consequences.    That  stars  are  suns  can  hardly  admit  of  a  doubt. 
Their  immense  distance  would  perfectly  exclude  them  from   our 
view,  if  the  light  they  send  us  were  not  of  the  solar  kind.     Besides, 
the  analogy  may  be  traced  much  further.     The  sun  turns  on  its 
axis.    So  does  the  star  Algol.    So  do  the  stars  called  ff  Lync, 
^Cephei,  ifAntinoi,  o  Ceti,  and  matty  more;  most  probably  all. 
From  what  other  cause  can  we  so  probably  account  for  their  period!* 
cal  changes?    Again,  our  sun  has  spots  on  its  surface.     So  has  the 
star  Algol ;  and  so  have  the  stars  already  named ;  and  probably  every 
star  in  tii\e  heavens.     On  our  sun  these  spots  are  changeable.    So 
they  are  6n  tiie  star  o  Ceti ;  as  evidently  appears  from  the  irregu- 
larity of  its  changeable  lustre,  which  is  oflen  broken  in  upon  by 
accidental  changes,  while  the  general  period  continues  nnaltered. 
The  same  little  deviations  have  been  observed  in  other  periodical 
stars,  and  ought  to  be  ascribed  to  the  same  cause.    But  if  stars 
are  suns,  and  suns  are  inhabitable,  we  see  at  once  what  an  exten- 
sive field  for  animation  opens  itself  to  our  view. 

It  is  true  that  analogy  may  induce  us  to  conclude,  that  since 
•tars  appear  to  be  suns,  and  sutis,  according  to  the  common  opi- 
nion, are  bodies  that  serve  to  enKghfen,  warm,  and  sustain  a 
system  of  planets,  we  may  have  an  idea  of  numberless  globes  that 
serve  for  the  habitation  of  living  creatures.  But  if  these  suns  them^ 
selves  are  primary  planiets,  we  may  see  some  thousands  of  them 
with  our  own  eyes,  and  millions  by  the  help  of  telescopes ;  when  at 
the  same  time^  the  same  analogical  reasoning  still  remains  in  full 
fbrce,  with  itgard  to  the  planets  which  these  suns  may  support. 
In  this  place,  I  may  however  take  notice  that,  from  other  considera- 
tions! the  idea  of  suns  or  stars  being  merely  the  snpporten  of 


MATUTIE  OP  THE  SVH  *W»  fItStt  ITABB.  *«§ 

ajntemt  of  plaMti,  i)  not  abMlut«tj  to  be  admitted  as  a  generd 
ooe.  AmoBg  the  gml  number  of  verr  compressed  clusters  of 
•Ian,  gi»eii  in  my  calaloguei,  there  are  lome  which  open  a  different 
view  of  Ibe  heaTens  to  us.  Tbe  slan  in  them  are  so  very  close  to> 
getlier,  tfaat  nolnilhslandtng  tbe  great  distance  at  which  wc  may 
auppoM  tbe  dustei  ilMlf  to  be,  it  will  bsrdfy  be  possible  to  assign 
any  Niffieienl  molual  distance  to  tbe  stars  composing  the  cluster,  to 
leare  room  for  crowding  in  those  planets,  for  whose  support  these 
•tan  bare  been,  or  might  be,  supposed  to  e\ist.  It  should  seem 
therefore  highly  probable  (bat  they  exist  for  themselves;  and  are 
in  tact  only  very  capital,  lucid,  primary  planets,  connected  together 
in  oiie  gKU  system  of  m«lual  mpport. 

At  is  this  argumeal  I  d*  not  proceed  on  conjeclures,  but  have 
■atoal  observations  in  view,  I  shall  mention  an  instance  in  the 
clbiten.  No.  S6,  38,  and  S5,  class  1$,  of  my  calnlogue  of  nebulae, 
and  clusters  of  starm  in  the  Phil.  Tram.  vol.  79-  Tlie  stars  in  them 
Me  M  crowded,  that  I-  cannot  conjecture  them  to  be  at  a  greater 
appwant  distance  froni  each  other  then  a";  even  after  a  proper 
allowance  for  such  stars,  as  ou  a  supposition  of  a  globular  form  of 
-  tbt  clttster,  will  iiiterlwre  with  each  other,  has  been  made.  Now  if 
««  would  leave  as  much  room  between  excli  of  these  stars  as  there 
la  between  tbe  sun  and  Strius,  we  must  place  these  clusters  42104 
timea  as  far  frmu  us  as  that  star  is  from  tbe  sun.  But  in  order  lo 
Mag  down  tiie  lustre  of  Sirius  to  that  of  an  equal  star  placed  at 
■odi  a  diftaace,  I  ought  lo  reduce  the  aperture  of  my  20-feet  tele^ 
COfc  to  less  Ifann  tbe  9300tb  part  of  au  inch:  when  certainly  I 
conld  DO  longer  enpect  to  see  any  star  at  all.  The  same  remark 
may  be  made,  with  regard  to  the  number  of  very  close  double 
atars;  whose  appaieni  diameters  being  alike,  and  not  very  small,  do 
not  indicate  any  very  great  mutual  distance.  From  which,  how- 
ever, must  be  deducted  all  those  where  the  different  distances  may 
be  compensated  by  the  real  difference  in  their  respective  magni- 
tudes. 

To  what  has  been  said  may  be  added,  that  in  some  parts  of  the 
milby  way,  where  yet  the  stars  are  not  very  small,  they  are  to 
crowded,  that  in  the  year  179^1  Aug.  22,  I  fouad  by  the  gages, 
thai  in  41  inmutei  of  time,  no  less  than  25B  thousand  of  them  had 
passed  through  the  field  of  view  of  my  leleKt^.  it  seems  there> 
fi>re,  on  tbe  whole,  not  improbable  that,  in  many  c»ses,  stars  are 
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anited  in  such  close  systems  as  not  to  leave  much  room  for  the 
orbits  of  planets,  or  comets;  and  that  consequently,  on  this  ac* 
count  abo,  many  stars,  unless  we  would  make  them  mere  useless 
brilliant  points^  may  themselves  be  lucid  planets,  perhaps  unat- 
tended by  satellites* 

Pastscripi. '^Tht  following  observations,  which  were  made  with 
an  improved  apparatus,  and  under  the  most  favourable  curcum- 
stances,  should  be  added  to  those  which  have  been  given.  They 
are  decisive  with  regard  to  one  of  the  conditions  of  the  lucid  matter 
of  the  sun. 

Nov.  26,  179^9  8  spots  in  the  sun,  and  several  sub-divbions  of 
them,   were  all  equally  depressed.     The  sun  was  every  where 
mottled.    The  mottled  appearance  of  the  sun  was  owing  to  an  in- 
equality in  the  level  of  the  suHiioe.    The  sun  was  equally  mottled 
at  its  poles  and  at  its  equator;  but  the  mottled  appearances  may  be 
seen  better  about  the  middle  of  the  disc  than  towards  the  circum- 
ference,  on  account  of  the  sun's  sphierical  form.    The  unevenness 
arising  from  the  elevation  and  depression  of  the  mottled  appearance 
on  the  surface  of  the  sun,  seemed,  m  many  places,  to  amount  to 
as  much,  or  to  nearly  as  much,  as  the  depression  of  the  penumbras 
of  the  spots  below  the  upper  part  of  the  shining  substance ;  with- 
out including  faculs,   which  were  protuberant.    The  lucid  sub- 
stance of  the  SUB  was  neither  a  liquid,  nor  an  elastic  fluid ;  as  was 
evident  from  its  not  mstantly  fillmg  up  the  cavities  of  the  spots, 
and  of  the  unevenness  of  the  mottled  parts.    It  exbts  therefore  in 
the  manner  of  lucid  clouds  swimming  in  the  tran^rent  atmosphere 
of  the  sun ;   or  rather  of  luminous  decompositions  taking  place 
within  that  atmosphere. 

[Hmchel,  PhiL  Trans.  Abridged,  1795.] 
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CHAP.  VII. 

ON    THE    CONSTRUCTION    OF    THE    HEAVENS,    AND    THE 
OSGANIZATION  OF  THE  CELESTIAL  BODIES. 


A  KNOWLEDGE  of  the  construction  of  the  heavens  has  always 
been  the  ultimate  object  of  my  observations,  and  having  been 
many  years  engaged  in  applying  my  forty,  twenty,  and  large  ten 
feet  telescopes,  on  account  of  their  great  space-penetrating  power 
to  review  the  most  interesting  objects  discovered  in  my  sweeps,  as 
well  as  those  who  bad  before  been  communicated  to  the  public  in 
the  Cfmnm$samc9  da  Temph  for  1784, 1  find  that  by  arranging  these 
objects  ID  a  certain  successive  regular  order,  they  may  be  viewed 
in  a  new  light,  and,  if  I  am  not  mistaken,  an  examination  of  them 
Will  lead  to  consequences  which  cannot  be  indifferent  to  an  inquir- 
ing mind. 

If  it  should  be  remarked  that  in  thb  new  arrangement  I  am  not 
entirely  consistent  with  what  I  have  already  m  former  papers  said 
on  the  nature  of  some  objects  that  have  come  under  my  observa- 
tion, I  must  freely  confess,  that  by  continuing  my  sweeps  of  the 
heavens,  my  opinion  of  the  arrangement  of  the  stars  and  their 
magnitudes,  and  of  some  other  particulars,  has  undergone  a  gra- 
dual change;  and  indeed  when  the  novelty  of  the  subject  is  con- 
sidered, we  cannot  be  surprised  that  many  things  formerly  taken 
for  granted,  should,  on  examination,  prove  to  be  different  from 
what  they  were  generally,  but  incautiously,  supposed  to  be. 

For  instance,  an  equal  scattering  of  the  stars  may  be  admitted  in 
certain  calculations ;  bnt  when  .we  examine  the  milky  way,  or  the 
closely  compressed  clusters  of  stars,  of  which  my  catalogues  have 
recorded  so  many  instances,  this  supposed  equality  of  scattering 
must  be  given  up.  We  may  also  have  surmised  nebulae  to  be  no 
other  than  clusters  of  stars  disguised  by  their  very  great  distance, 
but  a  longer  experience  and  better  acquaintance  with  the  nature  of 
oebttlse,  will  not  allow  a  general  admission  of  such  a  principle. 
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altboagh  luidoubtedly  a  cluster  of  stars  may  assume  a  nebulous 
appearance  when  it  is  too  remote  for  us  to  discern  the  stars  of 
which  it  is  composed. 

Impressed  with  an  idea  that  nebulas  properly  speaking  were 
clusters  of  stars,  I  used  to  call  the  nebulosity  of  which  some  were 
composed,  when  it  was  of  a  certain  appearance,  resohfoble;  but 
wlien  I  perceived  that  additional  light,  so  far  from  resolvmg  these 
nebulae  into  stars,  seemed  to  prove  that  their  nebulosity  was  not 
different  from  what  I  had  called  milky,  this  conception  was  set 
aside  as  erroneous.  In  consequence  of  this,  snch  nebulae  as  aAer- 
wards  were  suspected  to  consist  of  stars^  or  in  which  a  few  might 
be  seen,  were  called  easify  resolvable  s  but  even  this  expression 
must  be  recdved  with  caution,  because  an  object  may  not  only 
contahi  stars,  hut  also  nebulosity  not  composed  of  them. 

It  will  he  necessary  to  explain  the  spirit  of  the  method  of  arrang. 
ing  the  observed  astronomical  objects  uuder  consideration  in  «uch 
a  manner,  that  one  shall  assist  us  to  undertstand  the  nature  and 
construction  of  the  other.  This  end  I  propose  to  obtain  by  assort- 
ing  them  into  as  many  classes  as  will  be  required  to  produce  tlie 
most  gradual  affinity  between  the  individuals  contained  in  any  one 
class,  with  those  contained  in  that  which  precedes  and  that  uhich 
follows  it :  and  it  will  oet taiuly  contribute  to  the  perfection  of  this 
method,  if  this  oonnection  between  the  various  classes  can  be  made 
to  appear  so  clearly  as  not  to  admit  of  a  doubt.  This  considera- 
tion will  be  a  sufficient  apology  for  the  great  number  of  assortments 
into  which  I  have  thrown  the  objects  under  consideration ;  and  it 
will  be  found  that  those  contamed  in  one  article,  are  so  closely 
allied  to  those  in  the  next,  that  there  is  perhaps  not  so  much  differ- 
ence between  them,  if  I  may  use  the  comparison,  as  there  would 
be  in  an  annual  description  of  the  human  figure,  were  it  given  from 
the  birth  of  a  child  till  he  comes  to  be  a  man  in  his  prime. 

The  similarity  of  the  objects  contained  in  each  class  will  seldom 
require  the  description  of  more  than  one  of  them,  and  for  this 
purpose,  out  of  the  number  referred  to,  the  selected  one  will  be 
that  which  has  been  most  circunutantially  observed ;  however,  those 
who  wish  either  to  review  any  other  of  the  objects,  or  to  read  a 
short  description  of  them,  will  find  their  place  in  the  hesvens,  or 
the  aecoimt  of  their  appearance  cither  in  the  catalogues  I  have 


Nife 


COXSTHIJCTION  OF  THE  nEAVEKS.  09 

given  of  tbcm  in  the  Pliilos. Trans.,  or  in  llie  Cinnoiitance da  7emp* 
for  1781,  to  which  Id  eraiy  article  proper  references  will  be  givea 
tot  the  objects  under  consideratioo. 

If  the  description  I  give  should  sometime*  differ  a  little  from  that 
which  belongs  to  some  number  referred  (o,  it  must  be  retueinbered 
that  objects  which  bad  been  observed  many  limes,  could  not  be  so 
parlicularlj  aad  comprehensibly  detailed  in  the  confined  space  of 
tbe  catalogues  as  I  now  may  describe  tbem ;  additional  observaliona 
have  also  now  and  then  given  me  a  better  view  of  the  objects  than 
I  liad  before.  This  remark  nill  always  apply  to  the  numbers  which 
refer  to  the  ConnouiaiKe  da  Tempt ;  for  the  nebulae  and  clusters  of 
stars  arc  there  so  imperfectly  described,  that  my  own  observation  of 
them  with  Urge  instruments  may  well  be  su[q)osed  to  differ  entirely 
from  what  is  said  of  tbem,  But  if  any  astronomer  should  review 
them,  with  such  high  space-penelrating-powen,  ts  are  absolutely 
leqiiired,  it  will  be  found  that  I  have  classed  them  very  properly. 

It  will  be  necessary  to  mention  that  the  nebulous  dclineatinns  in 
the  figures  are  not  intended  to  represent  any  of  tbe  individuals  of 
the  objects  wbicb  are  descrit>ed  otherwise  than  in  the  circumstances 
which  are  common  to  the  nebutse  of  each  assortment :  the  irregu- 
larity of  a  figure,  for  iiutance,  must  stand  for  every  other  irregula- 
rily :  and  the  delineated  size  for  every  other  size.  It  will  however 
Ix  saen,  that  in  the  figure  referred  to  (Iiere  is  a  sufficient  resem- 
blance to  the  described  nebula  to  show  tbe  essential  features  of 
ibape  and  brightness  then  under  consideration. 

1.  Cff  extensive  diffiaed  Nebulosity. 

The  first  article  of  my  series  will  begin  with  extensive  diffused 
oehulosily,  which  is  a  phenomenon  tliai  hitherto  has  not  been  much 
noticed,  and  can  indeed  only  be  perceived  by  instruments  that  col- 
lect a  great  quantity  of  ligbU  Its  existence,  wheu  some  part  (tf  it  b 
pouited  out  by  objects  that  are  within  tlie  reach  of  common  tele- 
scopes, has  nevertheless  obtruded  itself  already  on  the  knowledge  of 
astronomers,  as  will  he  seen  in  my  third  article. 

The  widely  diffiued  nebulosity  under  cotuideratiwi  has  already 
been  partially  mentioned  in  ray  catalogues*. 

■  See  Phil.Tnuu.  for  1780,  page  4TI «  For  1789,  loj^  ZS8|  and  for  ISM, 
page  SOS.  TV  rotlowiug  len  acbnlniltei  are  in  the  Vtb  c\uh  Na.  19,  I4f 
IS,  IT,  88,  30,  SI,  33,  H,  3$. 
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The  description  of  the  object  I  ihall  select  b  of  No.  14«  in  the 
5th  class,  and  is  as  follows :  *'  Extremely  faint  branching  nebulo- 
sity; its  whitishness  is  entirely  of  the  milky  iMnd,  and  it  b 
brighter  in  tbtee  or  four  places  than  in  the  rest ;  the  stars  of  the 
milky  way  are  scattered  over  it  in  the  same  manner  as  over  the 
"  rest  of  the  heavens.  Its  extent  m  the  parallel  is  nearly  1^  de- 
gree, and  in  the  meridional  direction  about  52  minutes.  ThI 
following  part  of  it  is  divided  into  several  streams  and  windings, 
*'  which  after  separating,  meet  each  other  again  towards  the  south.* 
See  figure  1. 

Thb  account^  which  agrees  with  what  will  be  found  in  all  the 
other  numbers  referred  to,  with  regard  to  the  subject  under  con- 
sideration, namely,  a  diffused  milky  nebulosity^  will  give  us  already 
some  idea  of  its  great  abundance  in  the  heavens ;  my  next  article, 
however,  will  far  extend  our  conception  of  its  quantity. 

2.  Observations  of  'Nebulosities  that  have  not  been  published 

before. 

It  may  be  eaaly  supposed  that  in  my  sweeps  of  the  heavens  I  was 
not  inattentive  to  extensive  diffiisioDS  of  nebulosity,  which  occa- 
sionally fell  under  my  observation.  They  can  only  be  seen  when 
the  air  b  perfectly  clear,  and  when  the  observer  has  been  in  the 
dark  long  enough  for  the  eye  to  recover  from  the  impression  of 
having  been  in  the  light. 

I  have  collected  fifty-two  snch  observations  into  a  table,  and  have 
arranged  them  in  the  order  of  right  ascension.  In  the  first  column 
they  are  numbered ;  in  the  second  and  third  columns  are  the  right 
ascension  and  north  polar  dbtance  of  a  place  which  is  the  central 
point  of  a  parallelogram  comprehending  the  space  which  the  nebu- 
losity was  observed  to  fill.    They  are  calculated  for  the  year  1800. 

The  length  and  breadth  of  the  parallelograms  are  set  down  in 
the  4th  and  5th  columns  in  degrees  and  minutes  of  a  great  circle. 
The  time  taken  up  in  the  transit  of  each  parallelogram  having  been 
properly  reduced  to  space  by  the  polar  distance  given  in  the  3d 
column,  in  order  to  make  it  agree  with  the  space  contained  in  the 
breadth  of  the  zone  described  by  the  telescope;  the  dimensions  of 
the  former  space  therefore  is  in  the  parallel,  and  that  of  the  latter 
in  the  meridian.  My  field  of  view,  being  fifteen  minutes  in  dia- 
nieter,  its  extent  has  been  properly  considered  in  the  assigned 
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dimetuioa  of  the  panlldognunt.  It  is  however  tridetit  that  the 
limits  of  the  awKpiog  zone  letvc  the  extent  of  the  Debuloiity  in 
the  nwridbn  unasceTtaiued.  The  beginning  of  it  is  equally  nncer- 
tiin,  Hoce  the  Debulous  ilile  of  the  heaveiu  could  only  be  noticed 
-  when  Its  ippeatance  became  remarliable  enoagh  to  attiact  atten- 
tion. The  endaig  ■  alwaja  left  iindetennioed ;  for,  as  the  right 
asceniion  wa*  oolj  taken  once,  I  hare  allowed  bat  a  dngle  tninQto 
of  time  for  the  extent  of  the  nebulosity  ia  that  direction,  excq)t 
whrra  the  time  was  repeatedly  taken  with  a  *iew  to  aacertam  how 
fiu  it  went  In  the  parallel ;  or  nben  the  ciTCumstnnces  of  its  briKht- 
neM  pointed  out  a  longer  duntion. 

The  Nxth  column  of  the  table  contains  the  siae  of  (he  obsenvd 
nehuloiity  redoccd  to  iqaare  degrees  and  dedinah,  computed  from 
the  two  preeedii^  colnmiu ;  and  in  the  hut  I  have  given  the  ac- 
cnont  of  these  nebnlosities  as  recorded  in  my  swc^x  at  ibe  time 
tbej  were  made;  namely,  within  a  period  of  oioetecn  years,  be- 
giuning  in  1783,  and  ending  in  1801. 

When  tilt*  account  says  nffrclcd,  it  is  intended  to  mean  that  the 
ground  upon  wEiicli,  or  through  which  we  see,  or  may  see  itan,  ii 
'  adecled  with  nebulosi'y. 
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In  looking  over  thb  table,  it  may  be  noticed  that  I  have  inserted 
several  nebulosities  that  were  only  suspected.  Had  I  l>een  less 
scrupulous  at  the  time  of  observation,  the  word  suspected  would 
generally  have  been  omitted ;  for  with  this  nebulosity,  as  well  as 
with  the  great  number  of  iiebul«  that  in  my  catalogues  are  marked 
suspected,  I  have  almost  without  exception  found,  in  a  second  re- 
view, that  the  entertained  suspicion  was  either  fnlly  confirmed,  or 
that,  without  having  had  any  previous  notice  of  the  former  obser- 
vation, the  same  suspicion  was  renewed  when  I  came  to  the  same 
place  again. 

When  these  observations  are  examined  with  a  view  to  improve 
our  knowledge  of  the  construction  of  the  heavens,  we  see  m  the  first 
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place  that  extensive  difiiiied  nebulosity  b  exceedin^y  S^eat  indeed ; 
for,  the  account  of  it,  as  stated  in  the  table,  is  151,7  square  de- 
grees I  but  this,  it  must  be  remembered,  gives  us  by  no  means  the 
real  limits  of  it,  neither  in  the  paiallel,  nor  in  the  meridian ;  more- 
over,  the  dimensions  in  the  table  give  only  its  superficial  extent  i 
the  depth  or  third  dimension  of  it  may  be  iar  beyond  the  reach  of 
our  telescopes ;  and  when  these  consideratioos  together  are  added 
to  what  has  been  said  in  the  foregoing  article,  it  will  be  evident  that 
the  abundance  ai  nebulous  matter  diffiised  through  such  an  expan- 
sion of  the  heavens  nnisC  exceed  all  imagination. 

By  nebtdotts  matter  I  mean  to  denote  that  substance,  or  rather 
those  substances  whkh  give  x>ut  light,  whatsoeter  may  be  their  na* 
ture,  or  of  whatever  different  powers  they  may  be  possessed. 

Another  remark  of  equal  importance  arnes  from  the  considera- 
tion of  the  obaerved  nebulosities.  By  the  account  of  the  table  we 
find  that  extreme  faintuess  is  predominaot  in  most  of  them ;  which 
renders  it  probable  that  our  best  instruments  will  not  reach  so 
Iar  into  the  profundity  Df  space,  as  to  see  more  distant  diffusions 
of  it.  In  No.  44  of  the  table,  we  have  an  instance  of  faint  milky 
nebulosity,  which,  though  pretty  bright  in  some  places,  was  com- 
pletely lost  from  faintness  in  others ;  and  No*  46  confirms  the  same 
remark.  It  has  also  been  already  mentioned  in  the  first  article^ 
that  the  nebulosity  m  V.  14  was  brighter  in  three  or  four  places 
than  in  the  rest.  The  stars  also  of  the  milky  way  which  were  scat- 
tered over  it,  and  were  generally  very  small,  appeared  with  a  bril* 
liancy  that  will  admit  of  no  comparison  with  the  dimness  of  the 
brightest  nebulosity.  In  consequence  of  this,  we  may  already  sur- 
mise that  the  range  of  the  visibility  of  the  nebulous  matter  is  con* 
fined  to  very  moderate  limits. 

3.  Of  Nebulonties  joined  to  Nebula. 

The  nature  of  diffiised  nebulosity  is  such  that  we  often  see  it 
joined  to  real  nebulse ;  for  instances  of  this  kind  we  have  the  four* 
teen  following  objects*. 

The  account  of  the  three  first  nebulae  being  shortened  in  the 
catalogue,  I  give  it  here  more  at  length. 


•  See  I.  81,  S07,  814.    IV.  41.    Y.  32,  35, 37,  44,  51, 53.    Connoi$tane$ 
du  Thmei  n,  48,  64,  78, 


No.  81  im  the  first  daw  is  **  A  considcnble  bright  aod  large  oe- 
*'  bnla.  Its  nebulositj  n  of  the  milky  kmd»  and  a  smaH  part  of  it 
^  is  connderab1]f  brighter  than  the  rest.  The  greatest  extent  of 
^  the  milkiness  is  precedmg  the  bright  part,  and  the  termination  of 
**  it  is  imperceptible.'*  To  No.  207  should  be  added,  **  It  seems 
'*  to  join  to  imperceptible  nebulosity  on  the  south  preceding  side  f 
and  to  No.  214,  ^  It  termmates  abruptly  to  the  north  and  is'  dif* 
«*  fused  to  the  south/'    See  fig,  3. 

No.  42  of  the  Om$unssmic€  b  the  great  ndmla  in  the  constellation 
of  Orion  discovered  by  Huyghens.  This  nighly  intei^ting  object 
engaged  ny  attention  already  in  the  beginning  of  the  year  1774^ 
when  viewing  it  with  a  Newtonian  reflector  I  made  a  drawing  of  it 
to  which  I  shall  have  occasion  hereafter  to  refer;  and  having  from 
time  to  time  reviewed  it  with  mj  large  mstmments,  it  may  easily  be' 
anpposed  that  it  was  the  very  first  object  to  which,  in  February 
I787i  1  duected  my  forty  feet  telescope.  The  superior  light  of 
this  instrument  showed  it  of  such  a  magnitude  and  brilliancy  that. 
Judging  from  these  circumstances,  we  can  hardly  have  a  doubt  of 
its  being  the  nearest  of  all  the  nebulae  in  the  heavens,  and  as  such 
will  aflbrd  us  many  valuable  informations.  I  shall  bowevernow 
4Nily  notice  that  I  have  |rfaced  it  in  the  present  order  because  it  com* 
nects  in  one  object  the  brightest  and  faintest  of  all  nebulosities, 
and  diereby  enables  us  to  draw  several  conclusions  from  its  various 
appearance. 

The-first  is  that  the  extensive  diffused  nebulosities  contained  in 
the  olgects  of  die  preceding  articles  are  of  the  same  nature  with  the 
nebulosity  in  this  great  nebula ;  for  when  we  pursue  it  in  its  exten- 
sive course  it  assumes  precisely  the  same  appearance  as  the  before- 
mentiooed  diflfhsed  nebulosities. 

The  second  consequence  we  may  draw  from  the  circumstauce  of 
its  oontaimng  both  the  brightest  and  faintest  nebulosity  joined  in 
one  object,  b  a  confirmation  of  an  opinion  already  conceived  in  the 
second  article,  namely,  that  the  range  of  the  mibUity  of  nebulous 
matter  is  what  may  be  called  very  limited.  The  depth  of  the  ne- 
bula may  undoubtedly  be  exceedingly  great,  but  when  we  consider 
that  its  greatest  brightness  does  not  equal  that  of  small  telescopic 
stars,  as  may  be  seen  by  comparing  four  of  them  situated  within 
the  uicloied  darkness  of  the  nebula,  and  several  within  its  brightest 
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app«araace,  willi  the  mlecsily  of  the  uebulous  light;  ^1  cannot  be 
expected  tbat  sucli  oebulosilies  will  remain  visible  wbeii  exceedingly 
farther  ft om  us  than  lhi»  priiite  n«biila :  llie  laUo  of  tlie  known 
decrease  of  ligbl  will  not  ndiiiit  of  a  great  range  of  visibility  within 
llie  narrow  limits  wiicrcbj  this  Bhining  substance  can  afl'tct  ibe  eje. 

From  tbis  vgumeul  «  Kcondary  coDdiuton  majr  be  <lr«itD, 
which  tdds  to  wbat  has  already  been  uid  in  the  foregoing  article, 
namely,  that  if  our  be^t  telescapei  cannot  be  expected  to  reach  the 
oebukwa  matter,  which  by  analogy  we  may  n^ipose  to  be  lodged 
amoag  the  ^ry  imall  Jlkn  plainly  to  be  aeeu  by  them ;  the  actual 
quantity  of  its  ^iffuwm  npy  Btitf  ia^tbet  exceed  even  the  vast 
abundance  of  it  alrea^  jurovad  to  cxiiL  A  nebuloiit  matter,  dif- 
fused in  lucb  exub«anc«  throughout  the  legioiu  of  apace,  rou&t 
surely  drVK  otM"  atleolios  to  tlie  purpote  for  which  it  probably  majr 
exist;  and  it  miiat  ba  the  bmiiwu  of  a  critJoa]  iuquircr  to  attend  to 
b"  the  appcaancea  nnder  which  it  will  be  exposed  to  his  view  iu 
the  foUovtjnf  obtervaiioni. 

4.  Of  detached  Nthutosities. 

T^t  nebploMttu  pf  the  precedjiig  articles  are  not  restricted  to  an 
extentire  diffinioa;  we  meet  with  them  equally  in  detadiedcol- 
lccttom;.Iahalloii|y  raent^  the  following  six *. 

V.  SI  couSala  of  "  A  hroad  bint  Debulosity  extended  n  the 
"  form  of  a  parallelogram  with  a  short  ray  from  the  preceding 
"  co|ser  towards  the  foutb.  The  nebulouly  is  oearly  of  an  equal 
"  brightaeu  throughout  the  pardlelogtaroi  whuh  is  about  8'  loug 
"  aari  5  or  6'  broad,  but  ill  defiued."    See  Fig.  3,  a,  J,  c 

5.  Ofmilhf  Nubuf<Bt 

When  detached  nebulosities  are  amall  we  are  used  to  call  them 
uebuls,  and  it  ts  already  known  bom  my  catalogues  that  their 
number  is  very  great.  It  will  therefore  be  sufficient  to  refer  only 
to  a  few,  of  which  the  Debulosity  is  of  the  milky  kiudt. 

No,  9  >n  the  £th  class  is  "  A  large,  extended,  broad,  faint  nc- 
"  bula ;  its  nebulosity,  lika  that  of  the  preceding  one  (which  is  De 

■SmI-N.     V.  B1,  eS,  30,  4],«. 

t  C«e  I.  S04.    HI.  IIG.    IV>  7,  90,  30.    T,  i>,  35. 
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**  1«  Caille't  laxt  but  one  io  the  catalogue  does  NebuleiiKS  du  Ckl 
'•  Aiutral)'  is  of  tlie  milky  kind." 

The  only  purpose  for  whkh  the  nebnis  of  the»e  two  dauea  have 
l>een  placed  in  this  connection,  is  to  sittm  thai  laTge  detached  nebu* 
Insities,  whatever  ma;  be  tlieir  appearance,  U  well  ai  those  ncbuls 
expressly  called  milky,  partake  of  the  general  nature  of  the  diffused 
nebuloai  malter,  p<»ated  out  in  the  preceding  articles. 

6.  Of  milky  Nebufa  with  Condensation. 

la  looking  at  the  beautifal  nebula  In  Orina  i  tn  which  I  refer, 
becausa  every  common  good  telescope  will  show  it  sufficiently  weU 
for  Uw  pre'sent  purpose ;  we  perceive  that  it  is  not  equally  bright  m 
•II  its  partsj  hut  that  its  ligtit  is  more  condensed  iu  some  places  tbt* 
in  othm.  llie  idea  of  con<lensalion  occurs  so  ttalurally  to  us  whaa 
we  see  a  gradual  increase  of  light,  that  we  can  hardly  find  a  more 
ntelligibk  mode  of  eipressing  ourselves  than  by  catling  it  coii> 
dansed.  The  numerous  instances  that  will  be  givea  hereafter  of 
Bcbvlae  Ibat  have  this  kind  of  condensation,  renders  k  nonecestarf 
to  refor  to  more  than  the  following  four  t. 

The  £nt  of  these,  No.  1 1  in  the  first  class,  is  •'  A  bright  n#ak 
"  of  some  extent,  although  not 'very  large.  It  is  of  an  iiKguJir 
"  figure,  and  the  gmtest  br^tnesa  HM  towards  tb«  middle.  Tbn 
**  wbitishnesa  of  this  nebula  is  of  the  milky  Und."    Sec  figure  «." 

By  attending  to  the  circumstances  of  the  siie  and  figure  of  All 
•ebuta,  we  find  that  ire  can  account  for  its  greater  brigfatnedl  to- 
wards the  middle  in  tbe  most  simple  manner  by  supposing  the  M- 
bnlons  matter  of  which  it  fa  compbscd  to  fill  an  irregular  kind  Of 
•olid  space,  and  tfaatit  is  «ther  a  little  deeper  In  the  brightest  phrae, 
or  that  (he  nebulosity  is  perhaps  a  little  more  compressed.  It  Is 
not  necessary  for  us  to  determine  at  present  to  whicb  of  tbeae 
causes  tbe  inetcase  of  brightness  maybe  owing;  art  all  eveals  It 
cannot  be  probable  that  tbe  nebulous  matter  should  have  differest 
powers  of  shining  such  as  would  be  required  independent  of  depth 
or  compress  r6a 

•  See  CnunattnDca  dn  Ten^  ftir  17M,  ftf  71*. 
t  See  I.  11,  U.    nl.  UT.    IV.  IS. 
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7.  (y  Nebula  which  art  brighter  in  more  than  one  place.   . 

It  is  oot  an  uncommoo  circumstance  Uiat  the  same  nebula  it 
l>righter  in  several  diffeient  placen  than  in  the  rest  of  its  compass. 
The  following  six  are  of  thb  sort  *• 

No.  213  in  the  first  class  is  "  A  veiy  brilliaut  and  considerably 
<*  large  nebula,  exiended  in  a  direction  from  south  preceding  to 
^  uorth  following.    It  seems  to  have  three  or  four  bright  nuclei.** 

See  fig.  5* 

From  this  coostructioa  of  the  uebuk,  we  may  draw  some  additi- 
onal information  conoeming  the  point  which  was  left  undetermined 
in  my  last  article ;  for  rince  there  it  was  proposed  as  an  altematire, 
that  the  nebulous  matter  might  either  be  of  a  greater  depth  or  more 
compressed  in  the  brightest  part  of  the  nebula,  then  under  conside- 
ration, we  have  now  an  opportunity  to  examine  the  probability  of 
each  case.  If  here  the  appearance  of  several  bright  nuclei  is  to  be 
explained  by  the  depth  of  the  nebulous  matter,  we  must  have  re- 
course to  three  or  four  separate  very  slender  and  deep  projections,  all 
situated  exactly  m  the  line  of  sight;  but  such  a  very  uncommon  ar- 
mament of  nebulous  matter  cannot  pretend  to  probability;  whereas 
a  moderate  condenmtion,  which  igfey  indeed  be  also  accompanied  with 
aome  little  general  swelling  of  the  nebulous  matter  about  the  places 
which  appear  like  nuclei,  will  satisiactorily  account  for  their  supe- 
rior briglitness. 

The  same  method  of  reasoning  may  be  as  successfully  applied  to 
exptoia  the  number  of  miequally  bright  places  m  the  difiused  uebu* 
losities  whicli  have  been  described  in  the  1st,  9d,  and  3d  articles. 
For  instance,  in  the  branching  nebulosity  V.  14,  we  find  three  or 
four  places  brighter  than  the  rest— ui  the  nebulosity  No.  44,  of  the 
table  we  have  places  of  different  brightness.  In  the  nebula  of  Orion, 
there  are  many  parts  that  differ  much  in  lustre}  and  in  V.  SJ  of  the 
same  article  1  found,  by  an  observatiop  in  the  year  1790,  the  same 
variety  of  appearance.  In  all  these  cases  a  proportional  condensa- 
tion of  the  nebulous  matter  in  the  brighter  places  will  sufficiently 
account  for  their  different  degree  of  shining. 

This  way  of  expUinuig  the  observed  appearances  bemg  admitted, 
it  will  be  proper  to  enter  into  an  examination  of  the  probable  cause 


•  Seel.  16^,213,961.    II.  897,  406.    III.  49, 
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of  the  condensation  of  iLe  nebulous  matter.  Should  the  nteewt^ 
fur  nich  a  cmideiuiBg  cnw  be  tbbught  to  be  adnutted  upon  too 
■light  an  iaduction,  «  more  detailed  inpport  of  it  will  bereafter  be 
found  intbecoodttiooofiBcb  i  copioiu  coUectiom  ef  object*,  ai  will 
cMablitb  its  eiittance  bejonri  all  pntsibilitjr  of  doubt*. 

Instead  ofinquiriBg  after tbenalure  of  tbiMiue  of  tbe  condensa- 
tioa  of  Debnlcm  matter,  it  would  iodecd  be  mffidenl  for  the  present 
purpoce  lo  call  it  merely  a  condensing  principle ;  bat  since  we  ar«  • 
already  acqaaioted  wiifa  tbe  centripetal  force  ofatltaction  which  gives 
a  globular  figure  to  planets,  keeps  them  ftom  flying  out  of  their 
orbits  in  tangenta,  aitd  makes  one  star  revoWe  HTound  faotheT,  why 
■boidd  we  uot  look  op  to  the  universal  gnvitation  of  matter  as  tbc 
cause  of  every  condensation,  accumidalion,  compresiioo,  and  catf> 
eeatnlian  of  the  oefaulous  matter  I  Facts  are  not  wanting  to  prove 
ttal  acb  a  power  has  been  exerted ;  and  as  1  shall  pomt  out  a  sc» 
lies  of  pbsaooMM  in  tbe  heavens  where  astronomers  may  read  in 
Ic^Uc  characlns  the  ounifest  vestiges  of  such  an  eseTtioOf  I  need 
iMM  BeMtate  to  proceed  in  a  few  additional  remarks  on  the  cooso- 
qncBccs  that  must  atiM  from  the  admission  of  this  attractive  pri^ 

dpk. 

Hm  ncbala,  for  instance,  which  bu  been  described  at  tbe  bcgin- 
mng  of  thb  arttde,  as  caataiaiag  several  bi^gfat  nuclei,  has  |m>litt> 
Uy  ao  many  prcdonunant  seats  of  attraction,  arisii^  from  a  supe- 
rior prepooderance  of  the  nebuloos  matter  in  those  places;,  bnt ' 
attraction  being  a  principle  which  never  ceases  to  act,  the  conse; 
lioenceof  its  cootiaual  nertioo  upon  this  nebula  will  probably  be  n 
divisMrii  of  it,  from  which  will  arise  three  or  four  distinct  nebulse. 
In  tbe  aame  manner  its  operatioo  on  the  diffiised  nebulosilies  that 
havo  mangi  difiereat  bright  places,  will  possibly  occauon  a  breaking. 
np  of  tbam  into  smaller  diffiuions  and  detached  nebuln ;  but  before 
I  fneui  with  colyectutct,  let  ns  see  nhat  observations  we  have  to 
give  coontcnuice  to  such  ezpecutioos. 

8.  Of  doable  Neiula  with  joined  Nebuioaily. 
In  addition  to  tbe  instances  referred  to  in  the  preceding  article,  of 


nebubi  tiiat  have  more  than  one  centre  of  attrBction»  I  give  the  f^ 
lowing  list  of  what  may  be  called  double  nebnlflB  *. 

The  31 6th  nebula  in  the  second  class  to  which  m  the  catalogue  is 
joined  the  dl/tb^  consists  of  *'  two  small  faint  aebulse  of  an  equal 
''  size  within  r  of  each  other.  Each  has  a  seeming  nucleus,  and 
''  their  apparent  nebilbsities  run  into  each  other.  Their  relative 
**  position  is  in  a  direction  from  south  preceding  to  north  following/* 
See  Fig.  6,  a  and  b, 

Eaebof  the  fifteen  objects  referred  to  contains  two  nuclei  or  cen« 
ters  of  attraction,  and  if  the  active  principle  of  condensation  carries 
on  its  opcHKon,  a  division  of  their  at  paesent  united  nebulosities 
must,  IB  Uie  end,  be  the  conseqaeaee.  I  have  givoi  two  figures  for 
the  same  double  nebulas.  For  although  the  nebulorities  of  figure  b^ 
when  seen  in  the  direction  of  the  dotted  lines  will  appear  to  run  to* 
gether,  the}^  maj  nevertheless  be  at  some  small  distance  from  each 
other ;  but  the  same  eau<ie  which  will  bring  on  a  separation  of  it  in 
figure  a,  will  also  make  two  dbtinct  nebulss  of  fignre  h. 

With  regard  to  their  being  double  nebultt,  it  may  be  objected 
that  thn  doable  appearance  may  be  a  deception ;  and  indeed  if  this 
were  a  double  star,  instead  of  a  double  nebula,  there  might  be  some 
room  for  such  a  surmise.  But  on  two  accounts  the  case  is  very  dif- 
ii>rent.  In  the  first  place,  we  have  not  nebulfe  without  number  at 
all  distaacea  to  which  we  might  have  recourse,  in  supposing  one  to 
be  far  behind  the  other,  as  we  have  stars  behind  stars  to  produce  an 
appearance  of  their  beii^  double.  In  the  next ;  if  what  has  been 
said  of  the  confined  range  of  the  visibility  of  the  nebulous  matter  be 
recollected,  especially  wliere  it  is  so  faiat  as  in  the  double  nebula 
which  has  been  described,  we  cannot  harbour  an  idea  that  the  two 
objects  of  which  it  is  composed  are  very  far  asunder.  Add  to  this 
their  great  resemblance  in  siae,  in  faintness,  hi  nucleus,  and  in  their 
nebulous  appearance;  from  all  which  I  believe  it  must  be  evident 
that  their  nebulosity  has  originally  belonged  to  one  common  stock. 

g.  Of  double  tiabula  that  are  not  more  than  two  Minutes  from 

each  other. 

To  add  to  the  probability  of  the  separation  of  nebulae,  we  ought 

•  Sec  1.56,   176,  178,  193.    11,  80,  271,  309,  316,  832.    111.  *5,  644. 
ly.  8,28,  ConMits*  27,  51. 


to  have  a  considerable  iHimber  of  tbem  already  separated.  The  fol- 
lowing twenty-three  are  completely  divided,  although  not  more  than 
two  minuets  from  one  another  *• 

A  description  of  11.  714  is  **  Two  pretty  bright  nebulae ;  they  are 
"  both  round,  small,  and  about  2'  from  each  other,  in  a  meridional 
*'  direction. 

Of  III.  7S5  u  *'  Two  very  faint,  very  small  extendf d  nebul» 
*'  within  J^'  from  each  other. 

That  all  these  nebulae  are  really  double,  is  founded  on  the  reason 
already  assigned  in  the  last  article.  Then  if  we  would  enter  into 
some  kind  of  ejiamination  how  they  came  to  be  arranged  into  their 
binary  order,  w«  cannot  have  recourse  to  a  promiscuous  scatterings 
which  by  a  calculation  of  chances  can  never  account  for  such  a  peaa- 
Jiar  distribution  of  them.  If,  on  the  contrary,  we  look  lo  a  diviakm 
.of  nebnlotts  matter  by  the  condensing  principle,  than  every  parcel  of 
it,  which  had  more  than  one  preponderating  atat  of  attraction  in  iti 
extent,  must  in  the  progress  of  time  have  been  divided. 

No  doubt  can  be  suggested  on  account  of  the  great  length  of  time 
such  a  division  must  haive  taken  up,  when  we  have  an  eternity  of  paal 
duration  to  recur  to.  .  . 

10.  Of  double  Nebula  at  a  greater  distance  than  9!  from  each 

other. 

It  may  well  be  supposed  that  more  than  one  attractive  center  would 
not  be  so  frequent  a  case  in  small  distances,  as  m  nebulosities  of  a 
more  extended  compass ;  accordingly  we  find  that  separated  nebuha 
at  more  than  2'  from  each  other  are  much  more  nrnneroos. 
The  followhig  101  double  nebulae  referred  to  wfil  confirm  this 
statement  *. 


.      ■*! 


•  Sec  I.  116,  190,  197,  II.  8,  28,  57,  Ul,  178,  450,  7U.  IIL  92,  528, 
5^80,  591,  687,  719,  755,  855,  886,  943,  952,  959,  967. 

♦  Sec  I.  28,  36,  90,  145.  II.  17,  ^,  55,  61,  74,  84,  85,  115,  lid,  121, 
139,  153,  167,  219,  2*28,  233,  333,  388,  426,  429,  455,  518,  546,  550, 
580,  614,  679,  684,  692,  751,  764,  787,789,841,842,  865,  868,  III.  9, 
15,  35,  44,  51,  62,  97,  117,  121,  127,  129,  138,  154,  159,  162,166,  1^, 
172,  196,  199,  210,  216,  231,  250,  277,  306,  323,  395,  344,  351,  377, 
402,    404,   407,  416,  4S2,  431,  511,  546,  551,    572,  574,   592,  629,  635, 

657,    678,  707,  758,  781,  lf98,  800,  802,  887,  869, 897,  917,  957,  939,  974. 


76  CI^UVTBUCTION   OF  tH£   HfcATBKS* 

*  Nob^  uMi  37  in  the  first  class  are  ''Two small  bright  nebois^ 
<^  both  a  little  extended." 

No.  74  and  75  in  the  second  class  are  **  Tiro  pretty  bright  Debo- 
^  Ise;  the  pred^hag  of  them  is  almost  found ;  the  following  Tciy 
*'  much  extended  in  length;  they  are  not  hr  from  the  same  paial* 
*'  Idy  and  about  8  or  lO^  dbtant  from  each  other. " 

No.  lilf  and  128  in  the  third  class  are,  **  Two  extremely  faint  ne- 
*'  bulae,  about  3'  from  each  other,  and  nearly  in  the  same  parallel* 
'*  The  second  is  a  very  little  brighter  than  the  first,  and  is  of  an 
**  irregular  round  figure.*' 

It  IS  remaikable  that  in  the  deseriptioii  of  all  these  101  nebulae, 
there  are  not  more  than  fiirie  or  nx  which  differ  so  mnch  in  bright* 
ness  from  one  aMflher,  that  we  could  suppose  them  to  be  at  any 
considenihte  different  distance  from  us ;  and  equal  brightness  or 
f*intneis  runs  through  them  all  in  general ;  but  supposing  that  any 
two  nebulsD  should  #ren  differ  as  much  from  one  another,  as  the 
set  of  the  first  class  which  has  been  described,  is  diftrent  from  the 
fiuatness  tf  Hm  last  described  set,  yet  this  would  not  neariy  amount 
to  ihedifeerMioein  ttebrightnessof  one  part  of  the  nebula  in  Orion 
from  that  of  another  of  the  same  nebala« 

4  11.  ()f  treble,  quadrtfle,  and  sextuple  Nebula, 

If  it  was  supposed  that  double  nebulse  at  some  distance  from 
each  other  wouM  frequently  be  seen,  it  will  now  on  the  contrary 
be  admitted  that  an  expectation  of  finding  a  great  number  of  at« 
tracting  centers  in  a  nebulosity  of  no  great  extent  is  not  so  proba- 
ble ;  an^  accordingly  observation  has  shown  that  greater  combina- 
tions of  nebulae  than  those  of  the  foregoing  article  are  less  fre- 
quently to  be  seen.    The  following  list  however  contains  20  treble, 

5  quadruple,  and  1  sextuple,  oebulse  of  this  sort*. 

Among  the  treble  nebulse  there  b  one,  namely,  V.  lo,  of  which 
the  nebulosity  is  not  yet  separated.  '*  Three  nebulse  seem  to  join 
*'  faintly  together,  forming  a  kind  of  triangle ;  the  middle  of  which 
**  is  less  nebulous,  or  perhaps  free  from  nebulosity ;  in  the  middle 

•  9ee  trebU  tubuUt,     I.  17.    II.  50,  183,  141,  171,  813,  399.  447.  III. 
15,  94,  117,  156,  300,  358,  382,  598,  873,  900,  945.     V.  10. 
SuMdrupU.    II.  488,  568*     III.  35«»  358,  5€SL 
Sixtupk.    111.  391. 
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*<  of  the  triiDgleisadoQlile  rtar  of  the  2d  or  dd  class  ;  more  fidnt 
**  nebukMities  are  following." 

Among  the  quadruple  oebiiI»  we  have  III;  358.  *<  Four  nebutae, 
**  all  within  three  minutes.  The  largest  is  faint  and  small  \  the 
**  other  three  are  lest  and  fiunter.  They  form  a  small  quartile,  the 
**  largest  heiiif  the  moet  north  of  the  preceding  side." 

**  The  nebolsB  which  form  the  sextuple  one  are  all  tery  iaini 
**  and  Tery  small :  they  take  up  a  qpace  oi  more  than  10  or  13 
«  minutes." 

1£.  Of  the  remarkable  Situation  ofSebvlie. 

The  number  of  compound  nebulae  that  have  been  noticed  in  the 
foregoing  three  articles  being  so  considerable^  it  will  foiiow,  that  i( 
they  owe  their  orijgm  to  the  breaking  up  of  some  former  extensive 
nebulosities  of  the  same  nature  with  those  which  have  been  shown  to 
exist  at  present^  we  might  expect  that  the  number  of  separate  ne- 
bttlse  should  far  exceed  the  former^  and  that  moreover  these  scattered 
nebulsB  should  be  found  not  only  in  great  fbundance,  but  also 
in  proximity  or  continuity  with  each  oUier»  according  to  the  di€» 
ferent  extents  and  situations  of  the  former  diffusions  of  such  nebu* 
loos  matter.  Now  this  is  exactly  what  by  observation  we  find  to 
be  the  state  of  the  heavens. 

In  the  following  seven  assortments  we  have  not  less  than  424 
nebolse ;  some  of  them  of  unascertained  size,  figure,  or  condensa* 
tion ;  and  the  rest  with  only  the  first  of  thete  three  essential  features 
recorded. 

The  reason  for  not  having  a  more  circumstantial  account  of  such 
a  number  of  objects,  is  that  they  crowded  upon  me  at  the  time  of 
sweeping  in  such  quick  succession,  that  of  sbty-one  I  could  but  just 
secure  the  place  in  the  heavens,  and  of  the  remaining  three  hun« 
died  and  nxty»three»  1  had  only  time  to  add  the  relative  siae*. 

•  See  <iJnty-OM  netote.  II.  30,  66,  68,  70,  109,  114,  117,  )95,  138, 
170,  174,  176,  345,  361,  390,  391,  496,  499,  541,  349,  543,  579,  573, 
699,  631,  806,  898.  III.  98,  96,  31,  33,  ^9^  41,  49,  89,  193,  189,  193, 
S05,  339,  353,  363,  364,  365,  390,  413,  439,481,483,489,  484,  485,  669^ 
670,  705,  796,  819,  930,  934,  936.     ConnoUi.  84. 

T^  §xtreml9  fmeU  mMlm.  III.  98,  108,  194,  195,  930,  938,  997,  596, 
5IS,  639. 

Oms  kundrtd  tmd  ikirt^Hkt  vwymaU  ntMst.  II.  99,  64,  67,  79,  91,  93, 
987,  354,  367,  464,  497,  597,  544,  640,  641,  675,  790,  724,  739,  876.  IIL 


7S  oeirAtocTioM  <»  tn*  vtMWKt. 

Ncitber  of  tb«  nebuhe  in  tb«f«  •evm  difisioiii  wM  nqnire  a  de- 
scription, ai  the  title  of  each  usortmeDt  contains  all  that  has  been 
Mccrtahted  about  them  )  but  th«r  number  and  utmtian,  aipeaMy 
*hen  added  to  th«M  thai  mil  be  contained  h  the  following  articles, 
complclely  sapporli  what  has  been  asserted,  namelj,  that  tbe  pre* 
sent  state  of  the  heafem  presents  us  «4th«everal  extensive  collec< 
Horn  of  scattered  nebuln,  jdoioly  indicafiog  hy  their  -rtwy  remarkable 
arrangeBMnt,  that  the^r  owe  their  origin  to  seme  former  common 
stock  of  nebulous  matter. 

To  refer  astronomers  to  the  lieavens  for  an  inipcclii>n  of  these 
and  the  following  nebuln,  would  be  to  pro|K)se  a  repelilion  of  more 
llian  eleven  hundred  sweeps  to  ihera,  but  those  wlio  wish  to  hare 
some  idea  of  the  nebulouii  arrangemeDls  may  consult  Mr.  Bod«*B 
excellent  Atlas  Ciclestis.  A  succession  of  places  ivhcrc  the  nebulffi 
of  my  catalogues  are  uncomjnoiily  crowded,    will  llicrc  he  seen  be- 

6,  13,  39,  U,  34,  37,  36,  lOt,  HI,  140,  164,  166,  186,  190,  237,  247, 
SS3,  ass,  «8S,  309,  jMS,  3(14,  309,  31J,  317,  319,  325,  386,  333,  338, 
339,  StS,  9(4,  385,  38«,  387,  9B9,  99S,  411,  41S,  491,  495,  430,  433, 
435,  437,  443,  444.  453,  459.  4«0,  4fl7,  470,  SSI,  Ml,  509,  535,939,  314, 
57S,  579,  607,  «18,  633,  695,  634,  638,  640,  641,  M5,  650,  65S,  659, 
666,  703,  704,  708,  716,  718,731,  733,  738,  763,  766,  775,  787,  788, 
189,  799,  803,  809,  897,  831,  833,  B36,  B37,  838,  839,  B48,  849,  866.  875, 
SB3,  884,894,  895,  905,  919,  913,  919,  956,  960,  961,  962,  965,  966. 

Partylwenttvirytmaaiubiila.  I.l]9.  If.  65,  73,  lOO,  163,  948,397, 
359.  375,  389,  47«r  «06,  639,  7G5,  B91,  638-  III.  17,  30,349,  981,  321, 
327,  366,  375,  504,  548,  615,  628,647,660,667,698,  719,715,  734,751, 
773,  774,  840,  350,  941.     Comub.  89. 

0<u  kun4red  and  UBm  irnaU  ntiuta.  I.  95,  1S3.  II.  18,  49,  46.60,  71, 
92,  94,  169,  964,  394,  391,  3*3,  350,  351,  316,  363,  374,  379,  381,  395, 
396,  397,  398,  441,  495,  51?,  599,  530,559,577,378,678,710,  743,  778, 
779,  794,  800.  III.  «3,  48,  67,  3»,  60,  S%  74,  198,  906,  955,  943,  308, 
329,  399,  334,  337,  330,  3B0,  490,  446,  45B,  469,  464,  475,  478,  509, 
516,  517,599.  ,i.W,  J8B,  PH,  631,  fei.fifli,  fi6S,  Til,  799,  723,799,761, 
763,  769,  779,  780,  794,  797,  814.  S26,  833,  841,  843,  861,  880,  88J, 
894,915,  934,  925,  9S6,  B97.  SaB,  939,  9jO,  951,  954,  969. 

^flf^lgH  prctly  largr  attulir.  I.  91,  '24,  B.^,  169,  983.  If.  34,  83, 
107,  119,  137,  146,  992,  349,  358,  361,  3iifl,  HBO,  383,  384,  385,  386, 
387,  419,  498,  63B,  039,070.  713,  7W,  801,  8U,  863,  903,905.  III.  14, 
18,  40,  70,  75,  76,  109,  913,  3E1,  279.  318,  340,  367,  379,  374,  41i 
454,  473,  503,  543,  599,  669,  790,  970.  ■ 

Tml^gtMMm.    IL  106,  190, 175,  176.  HI.  SB, 361, 4«,  480.  T.6. 


ginotog  over  the  taHofifilM^  and  proceedng  to  the  southern 
wiiif  ,  the  body  and  the  nofthern  wing  of  Virgo,  E^ate  14.  Then 
to  Coma  Berenices,  Canes  venatici,  and  the  preceding  arm  of  Bootes, 
Plate  7,  A  different  branch  goes  from  Coma  Berenices  to  the  hinil' 
legs  of  Ursa  major.  Another  branch  passes  from  the  wing  of  Virgo 
to  the  tail  mid  body  of  Leo»  Plate  S. 

It  will  not  be  necessary  to  point  out  many  other  smaller  collec* 
tions  which  may  be  fonnd  in  several  plates  of  the  same  Atlas. 
'  On  the  other  hand,  a  very  different  aspect  of  the  heavens  will  be 
perceived  when  we  examine  the  followuig  constellations.  Begin* 
ning  from  the  bead  of  Capricorn,  Plate  1 6,  thence  proceeding  to  And 
tinous,  to  the  tail  of  Aquita,  Plate  9,  to  Ramus  Cerberus,  and  th# 
body  of  Hercules,  Plate  8,  to  Quadrans  Muralis,  JRate  7,  and' to  the 
bead  ofDnco,  Plate  3*  We  may  also  examine  the  constellations 
of  Auriga,  Lynx,  and  Camelopardafus,  Plate  5. 

In  this  second  review,  it  will  be  found  that  here  the  absence  of 
nebulie  is  as  remarkable,  as  the  great  multitude  of  them  in  the  first 
mentioned  series  of  constellations. 

\3.  Of  very  narrow  long  Nebula. 

In  order  to  advance  in  our  knowledge  of  the  condition  of  the 

nebulous  matter,  we  may  investigate  the  form  of  its  expansion  by 

the  figure  of  the  nebulae  that  have  been  observed.    The  following 

five  are  particular  instances  of  some  that  were  much  extended  in 

length,  but  very  little  in  breadth  *. 

No.  254  in  the  3d  class  is  ''  A  very  hiwiX  nebula,  extended  from 
''  north  preceduig  to  south  following.  It  is  about  5'  loug  and  less 
**  than  \  minute  broad.**    See  fig.  7* 

The  expansion  of  the  nebulous  matter  in  general  may  be  consi- 
dered as  consisting  of  three  dimensions ;  these  may  all  be  either 
nearly  equal,  or  one  of  them  may  be  much  less  than  the  other  two ; 
or  the  extent  of  two  of  them  may  be  very  inferior  to  that  of  the 
third.  The  nebulae  which  have  now  been  referred  to  exclude  a  ne- 
bulosity of  three  nearly  equal  dimensions,  which  can  never  be  seen 
under  less  than  two  of  tliem.  When  two  of  the  dimensions  of  the 
nebulous  matter  are  nearly  equal,  one  of  them  may  indeed  be  only 
visible;  but  then  the  chance  that  the  other  should   be  exactly 


•  See  I.  33,  206.     III.  «54,    IV.  1%    V.  ao. 
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panlM  to  the  lioeofsightt  is  by  no  MeiiM  iiToundble.  The  moit 
plamtble  waj  of  accouolbg  for  the  apptreot  figure  of  these  iieb«il» 
ifly  therefore,  to  admit  that  the  eipaosion  of  the  nebulosity  consists 
quleed  of  a  very  narrow  length,  and  not  much  depth.  Tliis  form 
when  ascribed  to  nebulous  matter,  is  sufficiently  uncommon  for  as 
to  expect  to  see  many  nebulae  of  the  %ui!e  of  extended  rays. 

14.  0/ extended  Nebula. 

This  class  of  nebulse,  which  are  chiefly  extended  in  length,  but 
at  the  same  time  have  a  considerable  breadth^  is  very  numerous.  I 
liave  divided  the  nebulsB  it  contains,  which  are  284,  into  five  assort- 
ments as  follows  *• 

II.  514  Is  <<  A  laint  nebula  extended  firom  south  preceding  to 
''  north  feUowtng ;  it  is  about  2'  long  and  1'  broad."    See  fig.  8. 

III.  523  is  "  A  vefy  fidut  nebula  extended  from  south  preced- 
**  ing  to  north  foUowmg ;  it  is  3  or  4'  long  and  nearly  3'  broad/' 

*  See  9nB  kumdimi  Mnd  tixty^ne  exUnied  ntbuUe  of  vmrimtt  tmall  tizes,-^ 
I.  80,  89,  194,  80S,  234.  II.  14,  53,  73,  88, 108»  133,  145,  164,  206,  860, 
868,  878,  880,  305,  348,  414.  436,  437,  486,  507,  520,  522,  574,  585, 
611,  687,  63S,  648,  649,  668,  682,  696,  700,  723,  731,  742,  772,  785, 
786,  808,  809,  810,  826,  830,  831,  835,  837,  844,  847,  853,  859,  885. 
III.  4,  83,  56,  58,  65,  66,  73,79,  82,  100,  110,  132,  183,  218.225,236, 
841,  848,  844,  848,  858,  365,305,313,314,  316,  342,347,  348,  355,369, 
370,  406,  410,  419,  427,  429,  441,  448,  445,  450,  479,  487.  490,  494, 
496,  499,  510,  514,  515,  530,581,538,554,  557,567,569,  570,  586,598, 
599,  601,  618,  613,  619,  646,  649,  653,  677,  681,  682,  713,  714,  727, 
730,  732,  752,  767,  771,  778,  783,  792,  804,  806,  808,  811,  812,  813, 
826,  832,  845,  846,  874,  885,  892,  904,  914,  920,  929,  932,  942,  948, 
949,  973. 

Sixfy'two  eaeitnied  nehuUe  of  varioMi  Utrgo  iitot,    I.  14,  20.  76,  141,  189 
212,  215,  880,  853.     II.  3,  17,  83,  63, 113,  186,  134,  147, 152,  156, 165^ 
188,  221,    835,  251,    300,    386,   335,  344,   355,  378,  407,  453,  492,  59$^ 
548,  566,  579,   595,   607,    619,    680,   671,  687,  703,  750,  755,  762,  799*. 
III.  253,  282,  290,  346,  414,  492,498,  508,610,639,740,766,776,921. 

HiiHy-one  extended  nthuUt  from  i  to  8'  Ung.  II.  150,  181,  222,  237,  365, 
479,  510,  514,  535,  582,  624,654,655,  674,  763,  798,807,  829,  881,897,' 
899,  901.    III.  803,  368,  506,  556,  680,  648,  692,  906,  907. 

Tmemijf^four  extended  nekuUefrom  %to5^  long.  I.  94,  174,  201 .  II.  227, 
284,  891,  408,  432,  490,  536,  558,  600,  664,  747,  784,  900.  III.  368, 
583,  584,  553,  603,  710,  711,  717. 

Six  extended  mkuUefrom  5  to  lif  long.  1. 134, 155,  285.  II.  824.  V.  5,  23. 
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I.  134  !•  **  A  c(Hui4ti9Jbly  bi^t  ncbuht  7  or  8  loinates  lo^g 
■«  and  about  3^  krowi;' 

The  comidermble  breadth  of  tbese  nebula^  allhoagh  chiedj  ex-  c^, 

teiided  ia  lengtb,  inoves  thai  two  of  the  dimeiiftioiis  of  the  nebulous 
■ntter,  namely,  the  breadth  and  depths  are  probably  not  very  dif- 
ferent ;  for  if  the  depth,  which  is  the  dimeniion  we  do  not  see, 
shoald  be  eqval  to  the  feogth,  the  chance  of  its  being  out  of  sight  is 
HOC  sulfideotly  probable  to  happen  very  frequently.  It  is  therefore 
to  be  supposed  that  thfi  i»|t^ffsion  in  length  is  really  the  greatest; 
for  as  we  actually  see  it  under  this  form,  we  are  assured  that  it  is  at 
least  as  long  as  It  appears,  whereas  one  of  the  other  dimensions^  if 
not  both,  most  certainly  be  less  than  the  length.  This  kbd  of  ex- 
pansion admits  of  the  utmost  variety  of  lengthened  form  and  posi- 
tion ;  and  from  the  great  number  of  nebulae  to  which  I  have  re- 
ftried,  the  existence  of  such  nebulosities  is  fairly  ta  be  deduced, 

15.  OfNebulap  thai  are  of  an  irregular  Figure. 

Among  the  varVous  figures  that  may  be  seen  in  nebulae  we  have 
a  great  many  that  are  of  an  lUfgular  appearance ;  I  have  divided 
the  foilowiiig  ninety*three  into  two  assortments  *• 

I*  6i  is  ''  A  very  bffighl  Mnaii  nebula  porth  foliowiog  a  star  of 
^  the  9th  magnitude.    It  is  of  an  urregular  fignrf?.*'    See  fig.  9. 

IL  889  ia  ''  A  foint  pretty  large  uebub ;  it  is  of  an  irregular 
^  triangular  fignie/* 

By  calling  the  figure  of  a  nebula  irregular,  it  giust  be  understood 
Ikat  I  mw  no  particohu*  dimfiwipn  of  it  sufficiently  marked  to  de« 
aerve  the  name  of  langtli ;  for  bod  there  been  such  a  distinction, 
ita  cxtensioa  in  the  loogitodinal  dM'oction  lyrouid  have  been  recorded, 
or,  as  it  frequently  happfjwdi  for  want  of  time,  the  nnbula  would 
ahoitly  have  been  called  extep^d.  From  thb  consideration  it 
^■»»— "^^—^  '  '■     '  ^^— — » 

*  See  Jir(y-M«  irregMiM-  iwhite  •/  wirioui  imaU  iixgu  I.  6]|  984.  II. 
ia5,  «42,  ftS9,  274,  Wl,  306,  339,  415,  445,  586,  591,  601,  605,  647, 
<744,  761,  834,  886,  893,  907.  III.  12,  33,  191,  259,  873,  S87,  301,  310, 
456,465,  485,486,  493,  495,  533,  535,  537,  555,  581,589,  605,649,663, 
«75,  699,  701,  794,  735,  795«  «17,  834,  847,  851,  868,  879,  893,  963, 
976,  977. 

TUrti^iwo  irregular  fubulm  9f9€JrUus  large  tfzei.  I.  138,  946,  948,  989. 
n.  43,  81,  149,  989,346,349,360,421,  467,  468,  495,  587,651,681,711, 
149,  756,  804,  877.    III.  137,  257,  974,  463,  683,  695,  765,  911,  938. 
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follows^  that  th4!  nebulous  matter  wUdi  assonetiB  irregular  figure 
when  seen  iu  a  telescope,  cannot  be  very  diflerent  in  two  of  its  di* 
mensions ;  and  thb  leaving  the  third  entirely  undetermined,  it  may 
be  of  greater,  equal,  or  less  extent  than  either  of  the  other  two. 
But  to  be  greater  or  less  than  the  dhaaensioiis  that  were  seen  it  would 
require  the  particular  situation  of  the  third  dimension  in  either  case 
to  be  in  tlie  direction  of  the  line  of  sightf  which  is  so  far  at  least  im- 
probable, that  we  may  fairly  suppose  the  nuseen  dhnension  not  to 
difler  much  from  either  of  the  former  two. 

16.  OfNtbuliB  thai  are  of  an  irregular  round  Figure. 

The  apparent  figure  of  the  nebulae  contained  in  the  foregoing 
articles  has  already  assisted  me  in  a  great  measure  to  assign  the  ex* 
panded  form  of  the  nebulous  matter  of  which  they  consist.  The  ir- 
regular round  appearance  of  the  following  fifky^five  nebula;  how- 
ever, being  of  a  much  more  marked  description  than  the  former, 
will  lead  to  more  dedsive  conclusions.  I  have  divided  them  into 
three  assortments  •• 

No.  177  bthe  third  class  is  y  A.  very  faint  nebula  of  an  irregular 
''  round  figure,  about  ^  or  3  minutes  in  diameter.*'    See  fig.  10. 

The  appearance  of  an  irregular  round  figore  necessarily  requires 
that  the  extent  of  two  dioMUsions  of  the  nebulous  matter  shouM 
be  nearly  equal  m  every  direction  at  right  angles  to  each  other. 
The  unseen  dimensions  may  certainly  be  longer  or  shorter  than  the 
visible  irregular  diameter ;  but  then  it  must  be  absolutely  extended 
centrally  in  the  line  of  sight,  which  is  a  conditkm  that  has  no  proba- 
bility m  its  favour }  and  the  greater  tbe  numlier  is,  of  such  nebulse, 
the  less  b  the  probability  that  the  form  of  the  nebulous  matter 
should  be  irregularly  cylmdrical,  or  conical.  For,  except  an  irre- 
gular cylinder  or  cone,  placed  in  the  particular  required  situation. 


•  See  twenty -eight  nt^uJm  of  am  irregular  round  JIgure  ofvariom  tmaU  Htet. 
I.  231.  II.  97,  191,  243,  254,  273,  336,  560,  758,  895,  896.  III.  806, 
224,  311,  474,  566,  600,  614,  621,  693,  674,  688,  728,  784,  813,  835, 
931,  955. 

7Wnty-one  nebuhe  of  an  irrtgutmr  rotmijtgvre  ofvariom  large  titet.  I.  $9^ 
108,  161.  II.  197,  240,  494,  513,  537,  538,  552,  685,727,872,890.  III. 
426,  447,  558,  862,  876.    Y.  7.    CVmMitf.  70. 

Six  nebuldB  of  an  irregular  romadjigmre  of  a  mean  diameter  from  I  to  5'.  {II. 
131,  177.  223,  2$1,  542,  617. 


no  etpBBiioii  of  the  oelMikNisaMtter  but  wm  inregakir  globular  on 
cao  be  the  cause  of  the  nTegubu*  round  figure  of  the  above-mefl'* 
tioued  oebolv.  Tlie»  since  the  inegular  globokr  form  has  this  ad* 
vaotage  above  the  cylindrical  and  conical  figure,  that  it  will  answer 
the  required  end  iu  any  situation  whatsoever,  it  is  certainly  that 
which  ought  to  be  admitted  as  the  cause-  of  the  observed  ap- 
pearance. 

This  authod  of  feasoniog  upon  the  form  of  the  nebuloua  matter 
from  the  observed  figure  of  nebulae,  will  lead  us  a  step  farther  than 
it  might  have  been  supposed.  For  granting  it  to  be  highly  proba* 
ble,  that  the  appearance  of  irregular  round  nebube  is  owing  to  so 
many  irregular  i^obular  expansions  of  nebulous  matter,  it  will  be 
necessary  to  direct  our  atteutlon  to  the  cause  which  has  formed 
this  matter  into  such  masses.  To  ascribe  an  highly  improbable 
event  to  chance,  is  not  philosophical ;  especially  as  a  farming  cause 
oflfers  itself  to  our  view,  when  we  direct  an  eye  to  the  globular 
figure  of  the  planets  and  satellites  of  the  solar  system. 

17.  Of  round  Nebui<£. 

From  what  has  been  said,  it  appears  that  the  figure  of  nebulas  is 
a  subject  of  morf  mterest  tlian  mere  curiosity.  The  following  fifty- 
seven  were  observed  to  be  round,  and  f  give  them  here  hi  four 
assortments  *. 

As  tlie  title  of  eacfi  sort  gives  all  that  is  necessary  for  the  present 
puipose  relating  to  the  various  sizes  of  round  nebulae,  a  description 
of  one  of  the  last  will  be  sufficient.  The  observation  of  I.  Z69  says* 
that  it  is  *'  A  considerably  bright  round  nebula  of  about  one  minute 
V   hi  diameter.*'    See  fig.  11. 

The  arguments  which  I  have  given  in  tlie  foregohig  article,  where 
only  nebulae  of  an  irregular  round  figure  were  conddered,  need  not 

be  repeated  when  a  regular  circular  form  is  presented  tof  ouririew ; 

■  ^->^^— ~— ^ 

•  Set  ihre€  round  ntkuhi.     III.  381,  511,  758. 

Fori jf-^ne  round  tuMae  of  vmHou$  tmatt  iitet.  I.  375.  II.  U^  918,  223, 
«25,  329,  659,  760,  803.  III.  11,  SO,  78,  94,  95,  96,  149,  150,  180, 181, 
809,  221,  222,  295,  571,  451,  477,  505,  69^,  631,  671,  684,  726,  760, 
800,  801,  810,  842,  888,  909,  946,  971. 

Ten  round  nebuhe  of  voHom  iMr^e  titei.  I.  7,  124,  952.  II.  19,  481, 
889.     in.  54,  77,  112,  452. 

2%re$  round  nebulitfrom  I  to  6'  in  diameUr.    I.  269.     II.  593.     V.  16. 
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for  tk  idditMlMl  Minriber  of  Mbriv*  «iid  the  regvMiy  of  their 
fig«K^af«  iNMhfmtlyiiifinfmirofaceiichMom  thiit  the  oMsof 
tbeaebttMM  nitler  which  eccMMmitlMir  anKiiueeMiit  bcofi 
j[tolNii8r  fenD. 

In  the  faHl  Mtide  I  hurt  only  directed  ewiMetttioD  to  the  cawR 
of  thii  irerjr  perlictthur  eomtniotioa ;  but  fton  the  obeervatiow  of 
the  nebulae  above  referred  to^  we  may  now  more  confidently  awigB 
the  ottiaetioii  of  grantatMNi  m  the  piMii|ilii  whkfa  hat  drawn  the 
■cbubut  matte  imwatdf  a  eciitie»  and  eoHeoled  it  mto  a  flpherical 
comput* 

I  hate  alreeiy  ahewn  that  the  tane  prindpie  appean  to  be  the 
canteoftbetomkoMtioo  of  the  ncbahMM  matter  in  the  bright 
places  of  Ae  nebcite  tint  ehuM  with  HiBqual  degrees  of  light  in  the 
different  parts  of  their  eatsnt*;  and  a  concurrence  of  arguments 
estaUished  npowiwydiiUtnt  IbandatioBs  cannot  fiul  to  give  addi« 
tiomd  we%ht  to  Hbt  leasoafaigs  by  which  they  are  supported. 

18.  OfNebuliB  that  are  remarkable  for  some  particularity  in 

m^iire  or  Brighif^eu. 

Among  the  nebulse,  which  I  have  described  as  of  an  irregular 
figure*  the  foUowmg  might  have  been  mserted;  but  the  real  form 
of  the  nebulous  matter  of  whkh  they  consist  is  probably  as  irregu- 
lar as  the  figure  or  brightness  of  the  nebulse  themselTes.  I  have 
arranged  thirty-fife  of  them  mto  three  assortments  t* 

▼•  19  is  "  A  considerably  bright  nebula  about  S5'  long  and  ^ 
•»  broad;  its  length  is  divided  ui  the  middle  by  a  black  division  at 
•*  least  three  or  four  mmutes  long.  *    See  fig.  19. 

The  nebulous  matter  of  this  nebuTa  is  probably  a  ring  in  a  very 
oblique  position  with  respect  to  the  Ime  of  sight. 

II.  646k  ''  A  pretty  br^^brgenebubi,  of  an  irregular  figure: 
«<  it  is  unequally  bright** 

'  : ^ 

•  Bee  Article  7. 

t  See  ieo  imM«  of  rtmwrkalkk  fg^m*    !•  S66.    V.  19. 

Tmmi09mU^MgHmMUt.    I.  S54.    11.  SOO,  210,  ^^2,  55*t,  591,  6i6. 

in.  US,  S45,  534. 

l\mtU9^kr69nA9lmthKi  are  hHgkiui  on  muiide*  1.  113,  163.  II.  do, 
S7,  136»  155,  313,  333,  364,369,  370,  448,  506,  531,  555,  589»  623.  UI. 
190,  153,  986,  676,  700.    V.  92. 
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The  mmqMtf  of  its  Iwigllow  k  <filimnit  pirti  mi^  arne  fran 
unequal  condensatioD,  or  froBn  graater  dkfitli  of  nebuloas  matter. 

II.  318  is  '<  A  pmtty  bright  nebuh,  a  Uttle  extended  in  the 
<*  parallel.  The  greatett  br^taeof  ii  towards  the  foUowiog  aide, 
''  which  is  also  the  broadest ;  the  preceding  part  being  more  like  a 
'^  ray  proceeding  Aom  it.^ 

The  imegalar  iigura  of  thfse  latter  kind  of  adbolso  may  be  ad- 
mitted to  arise  from  the  m  yet  nsperfecl  coaoentretkm  of  a  oebuloos 
masB»  in  which  the  preponderating  matter  of  it  is  not  in  the  oentie* 

19*  Of  Nebula  thai  are  gradaalhf  a  liUle  brighter  in  the 

mddle. 

The  infest^ation  of  the  form  of  the  nebnioos  matter  in  the  13, 
14,  15,  and  l6tfa  articles  has  been  founded  only  upon  the  observed 
figure  of  aebulm;  and  in  the  l/th  article  the  globular  form  of  this 
matter  deduced  fkom  the  round  appearance  of  nebulse,  has  been 
ascribed  to  ^e  action  of  the  graTitaUng  prindple.  I  am  now  en* 
tering  npoB  an  examination  of  nebuis  of  which,  besides  their  figurs^ 
I  have  also  recorded  the  diftrent  degrees  of  ligfa^  and  the  situatkm 
of  Che  greatest  brightness  with  respect  to  thehr  figure.  These  obser- 
vatMNK  will  establish  the  former  coodosioiis  by  an  additional  num- 
ber of  oljjectsiv  and  by  Ae  decisive  argument  of  their  brightnesi^ 
which  pomts  out  a  seat  of  attraction. 

In  the  following  four  assortments  are  one  hundred  and  fifty  ne« 
bobe»  which  all  agree  hi  bemg  alittle  brighter  in  the  middle.  This 
increase  of  bri|^iltem  must  he  undentood  to  be  always  very  gra* 
Aud  fiom  the  outside  towaods  the  middle  of  the  nebula,  whatever 
beitsfigoie;  awl  although  thisciKumstaiioe,  for  want  of  time,  has 
oftisi  been  left  uwnelicftd  in  the  observation,  I  am  very  sure  that 
had  the  gradatkm  of  brightness  been  otherwise,  it  would  certainly 
not  have  been  overlooked  \ 

» ■'  I '      ■ "  ■         ■        I  I    II.    I         III 

•  See  Tkirtif^wQ  neitUmf  tk§  pwriUuUw  figure  of  which  ha*  n0t  been  a$€er' 
tahudt  gradually  a  UttU  Mghier  mihemMU.  II.  SOI,  401,  424,  444,  457, 
3S8,  333,  6\6t  617,  64S,  ^3,  «77,  736,  904.  III.  90, 106, 14&,  331,436, 
479,  489,  519,  596,  633,  SM,  655,  656,  6S6,  S54,  860,  869,  896,  978. 

TwetUiff^^  extended  nehdmt  gradmalbf  a  HUle  brighter  in  the  middle.  II. 
184,  198,  858,  885,  418,  416,  4B0,  565,  681,  688,  906.  III.  141,  839, 
449,  461,  46S»  488,  538,  577,  736,  890.    V.  8,  40,  50. 

Twintjf  nebula  tf  an  irregular  Jtgurey  grqdmaUj^  m  (Mlii  brighter  in  tha 

O  3 
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ciple  Id  tbeato  Mbolae,  is  tt  t  inore  ttdtanced  ttate  tbui  with  thoM 
of  the  last  ftrticle ;  tnd  tbtt  the  same  oMiceptioiis  which  have  aU 
ready  beeo  suggested,  aamely^  the  ordinal  form  of  the  nebuloM 
matter ;  its  quantit  j  iu  the  seat  of  the  attracting  prindple ;  and  the 
length  of  the  thne  of  its  aetSon,  when  properly  considered!  will 
sufficiently  account  for  the  preseet  stat^  i^  these  nebulsB. 

21.0/  Nebulas  that  are  gradualty  much  brighter  in  the  middle* 

The  Hebuloas  matter  which  appears  under  the  various  forms  of 
the  feloMring  fMir  assortment^  containing  two  hundred  and  two 
nctnilsB^  assiuMs  now  amove  condensed  aspect,  than  that  under  which 
k  was  seen  in  either  #f  the  two  ibregoiag  collections ;  and  thus  by 
Its  gradually  gieater  oattipfession,  gives  lis  a  still  more  decisive  indi- 
cation of  the  central  seat  of  attraction  \ 

II.  B2e  li  "  A  pTftly  bright  small  nebula,  very  gradually  much 
"  brighter  hi  Iheauddle." 

L  101  il  <'  A  considerably  bright  pretty  large  nebula,  extended 
"  in.  the  meridional  direction,  abont  4'  or  5'  long ;  much  brighter  in 
''  tlMHBniddle."    Iu  the  forty  feet  teleseope  1  saw  the  very  gradual 


*  8t€  Tiaenijfjtv  mibulm  of  utMturtaineB  fyuref  graduaUjf  muck  hrighier 
'iM  the  miidU.  I.  7d,  l^i;  127,  140,  15^,  ISl,  287.  II.  35,  177,  187, 
299,  i39,  452,  540,  653,  650,  669,  686,  694,  795,  828,  855,  871.  IU. 
8C3.    ifomwii.  99. 

Fijft0f/owt  oxtHided  tukuidt^  jgrmiuatl^  nmeh  Mgkter  in  the  middk.  I.  29, 
91,  33,  3^,  38,  53,  58,  64,  72,  ^,  86,  92,  97,  101.  104,  125,  154,  157, 
164,  184,  209,  233,  2t^,  274,  i^l,  277.  II.  12,  15,  31,  37,  182,  212, 
231,  282,  318,  416,  431,  46*3,  S04,  604,  612,  626,  691,  701,  702,  704, 
785,  753,  775,  875.    Ill*  179,  198,    V.  47.     ConMir.  49. 

Nimeieem  nebulm  of  an  irr^pitar  fi^uro^  jft^adUnUgf  much  hrighier  in  the 
middle.  I.  10,  26,  59,  66,  VQ9,  110,  ll4,  115,  219,  235,  237,  276.  ll. 
2,  20,  438,  503,  734, 827.     111.  29&. 

One  kutidred  and  four  round  or  nearly  round  nehuUtf  gradually  much  brighter 
in  the  middU.  t  8,  16,  21,  30,  42,  65,  65,  67,  68,  74,  79,  83,  87,  88, 
100,  102,  105,  111,  112,  118,  129,  135,  136,  142,  144,  147,  150,  15S, 
159,  166,  171,  175,  182,  185,  216,  2U,  221,  232,  238,  2U,  257,  9CO, 
265,  273,  278.  II.  5,  11,  38,  69,  98,  148,  230,  236,  245,  250,  267,  269, 
270,  277,  288,  292,  36 1,  303,  209,  311,328,  418,  420,  446,  462,  466, 
556,  561,  564,  575,  598,  6d2,  644,  645,  660,  «66,  695,  707,  728,  738, 
757,  767,  774,  782,  816,  823,  839,  854,  874.  itt  250,  284,  512,  531, 
624,  744,  ^9,  878.    ConnoU,  59,  ^6, 
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iocrmw  •(  brighttMntMwda  lb«  *i<Uk  of  4t«  Inglb ;  a  lot^tr 
esteHt  •(  lb*  Mkula  wm«Im  nubks4    Fig^  19. 

I.  219  is  "  A  verj  bright  connderabl;  Urge  nebula  of  aa 
"  irregiiiar  figure,  very  gradually  much  bi^bter  in  the  middle." 
Fig.  90. 

I.  €S  ii  "A  btigbt  ramd  acbvta  of  about  one  MMte  hi  di>m»> 
"  ter;  itisaHKkbc%fataffinlheaiildle,aiidTc^fluiitt«waTdilfaa 
*•  b«td«r."    fig.%1. 

The  f  iMtei  diftmu  belweet  Ibe  coapanidTe  brightnui  of  the 
oeoler,  utd  theoatward  parts  of  ibcse  aebnlM,  imjr  ecrttualjt  be 
ascribed  to  Ibe  nme  causes  that  have  been  considered  in  lb«  two 
ftM«going  articles :  b«t  in  the  prtsent  case,  aisd  uking  kilo  (be  «e* 
couut  that  this  is  alreadj  a  third  step  of  ctrndeuatiin  froaa  littla 
bc^bter  to  brigbter;  then,  to  mUefa  br%hr«f,  tbaie  appekn  to  be 
avau  foiindaiimi  for  Mpposiog  rather  that  tbis  grntn-  ttttet  is  pro> 
dueed  by  a  t««ct  tunfc  of  the  tcfion  of  tbe  attractive  principk,  than 
that  it  should  arise  mvel^  frOtn  an  origiwal  bmr  &immbl«  eiH 
yaaiiaB  of  Ibc  nebntoas  matter 

22.  (^  Me  Ntbml^  tiat  have  a  Cometic  appeartme»> 
Among  tbe  numerous  nfcbalK  I  bate  wen,  there  are  nanjr  that 
■iMVe  A«  apl^a^abtt  «r  t^eieepic  cotaMs.    Tbe  Mlawfag  are  of* 
«iftt>Mt* 

i.  4  it  "  ik  tmrtty  IM^  coBWticf  nebnla  of  coHsMenble  bright- 
'**  MM;  It  b  mofch  bH^tet  in  the  MtdAe,  a«(l  (be  very  Mirt  thei*. 
«•  hrtfek  ^tl7  eiWKdve.'    Fig.  S3. 

Vy  ISk  appUhnioiliitf  twAirtie,  it  was  A;  tntentioB  to  cqMcsa  k 
gradual  and  strong  increase  of  brightness  towards  the  center  of  k 
VhbolMsot^'airfcMalMI^K;  hMing  alas  a  Mat  diewlure  or 
ietMi*'(ir'«ottK  «itMt,  bt^ond  «c  hSaUA  pail  Of  tbe  lightj  gra. 
ooally^ftocnltRiig  noftt  tbe  c<MeT. 

ft  Dceib*  Oil  thb  Kptfchis  «f  uebrin  'cMitahi  a  someWhat  greater 
degree  of  condensation  than  that  of  the  round  nebulie  of  the  last 
arlicle,  and  might  perhaps  not  vet;  improperly  have  been  included 
in  tfeeir  nnmher.  Tlieir  grcat  sesewMance  to  lelesn»|Mc  oomets, 
however,  is  verjr  apt  to  suggest  tbe  idA,  that  pdlssibl;  tuoh  smaK 

•  Sec  UventMH  emnttU  arfNto.  I,  3,  4,  34,  917.  II.  C,  13i  33)  39> 
IM,  133,  1S4,  »1,  bn,  m.    1II.S,  SI.    CmaMf-U. 
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telescopic  comets  as  often  visit  our  ne^kboiirliood  may  be  com* 
posed  of  nebulous  matter,  or  may  in  fact  be  such  highly  condensed 
nebulae. 

23.  Of  Nebula  that  are  suddenly  much  brighter  in  the  middle* 

'  From  the  third  degree  of  visible  condensation,  1  have  in  the  21st 
article  intimated,  that  the  lengthof  the  time  of  the  action  of  the  at« 
trading  principle,  would  explain  the  observed  gradual  accumulation 
of  the  nebulous  matter.  In  the  following  eighteen  nebu]«  we  may 
see  a  still  more  advanced  compression  of  St,  amounting  almost  to 
the  appearance  of  a  nucleus*. 

II.  814  is  <<  A  small  £uQt  nebula,  veiy  suddenly  much  brighter 
«  in  the  middle.*  •    • 

1.  99  is  **  A  very  bt%ht  nebula,  extended  from  soufh-preceding 
*'  to  north  following,  about  4'  or  5'  kmg^  and  9'  broad;  it  is  much 
*'  brighter  in  the  middle,  but  the  brightness  breaks  off  abruptly,  so 
**  as  almost  to  resemble  a  nucleus."    Fig.  23. 

1. 256  b  '«  A  very  bright  pretty  large  nebula  of  an  irregular 
'<  figure;  it  is  suddenly  much  brighter  in  the  middle.*'    Fig.  24. 

1. 99  is  "A  very  bright,  smallromid  nebula ;  it  is  very  suddenly 
«  much  brighter  in  the  middle.*'     Fig.  25. 

From  the  appearance  of  these  nebulse,  we  see  plainly  that  a  pro- 
gressive concentration  of  the  nebulous  matter  has  an  existence;  it 
is  also  remarkable  that  the  condensation  in  long  nebulas  incUues 
towards  the  shape  of  ^  nudeus,  as  well  as  m  round  ones,  which  can 
be  ascribed  only  to  the  continued  action  of  the  attracting  principle, 
tending  to  draw  the  nebulous  extended  expansion  mto  a  globular 
form. 

A  nucleus,  to  which  these  nebuke  seem  to  approach,  b  an  mdi 
cation  of  consolidation  %  and  should  we  have  reason  to  conclude 
that  a  solid  body  can  be  formed  of  condensed  nebulous  matter,  the 
nature  of  which  has  hitherto  been  chiefly  deduced  from  its  shiniug 

*  See  One  nebula  of  unaBceriained  fyure,  suddenly  much  brighter  in  the 
middle,    II.   814. 

Sevtn  extended  mbuUe^  tuddtmty  much  brighter  in  the  middle.  I.  39,  91, 
96,  300.    II.  183,  505. .  Conmgiu  66. 

Two  nebuUe  of  an  irregular  figure^  euddenljf  much  brighter  in  the  middk,  I. 
S56.     II.  521. 

Bight  round  or  nearljf  round  nebuUe,  euddemlif  much  brighter  in  the  middle* 
199,138.    11.410,413,698.    111.251,685,    Connote.  5^ 
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qmlityy  we  may  possibly  be  able  to  view  it  witb  reqpect  to  some 
other  of  its  properties. 

24.  Of  round  Nebu/s  increasing  gradually  in  brightness  up  to 

a  Nucleus  in  the  middle. 

It  baa  alieaflj  beeo  proved,  from  the  figure  and  central  bright* 
oeti  of  round  nebalSy  that  the  nebulous  matter  of  which  they  con* 
sist  must  be  admitted  to  be  of  a  globular  form ;  but  the  following 
thirteen  nebultt  lead  me  to  a  remark  which  not  only  applies  to 
tben>  but  to  all  the  round  nebulae  of  the  last  five  articles,  which 
added  to  these  amount  to  three  hundred  and  twenty-one.  They 
are  not  only  round,  but  the  gradual  condensation  from  the  circum- 
ference to  the  very  center  being  of  equal  density  of  light  at  equal 
central  distances,  every  ring  or  circle  drawn  round  the  center  bears 
•witness  to  4he  existence  of  a^central  attraction.  For  whatever  may 
be  the  intensity  of  the  ratio  of  the  concentration  at  any  given  cen* 
tral  distance,  it  follows,  from  the  equality  of  briglitness  at  the  aa* 
aigned  distance,  that  no  figure  but  a  globular  one  can  with  any 
kind  of  probability  explain  the  appearance ;  and  that  the  cooceo- 
ttatiOD,  as  well  as  the  figure,  is  produced  by  a  general  gravitation  of 
the  nebolons  matter  *• 

I.  151 18  ''A  considerably  bright  and  considerably  large,  round 
^  ebraetic  nebula ;  it  is  very  gradually  much  brighter  iu  the  middle, 
''with  a  nucleus  in  the  center/'    Fig.  26. 

*  IVoiiithe  descriplioii  of  these  nebulse,  we  find  that  an  actual 
vucIanB  bis  l>een  formed  iu  the  attracting  center ;  and  that  couse- 
qnently  a  certain  degree  of  consolidation  of  the  nebulous  matter  is 
"bigfaly  probable;  for,  although  the  quality  of  shining  only  points 
aal  the  existenee  of  something  that  is  luminous,  yet  from  analogy 
we  have  reason  to  eonclodc  that  certain  material  substances  must 
be  present  to  produce  the  light  we  perceive ;  and  that  they  roust  be 
opaque,  may  be  inferred  from  every  thing  we  know  about  shiuin;; 
aubstances. 

25.  0/  Nebula  tltat  have  a  Nucleus. 

It  may  be  expected  that  some  considerable  change  will  take 
place  in  the  appearance  of  a  nebula  after  it  has  come  to  a  certain 

•  See  I.  2,  6,  132,  151,  173,  236,  272.  II.  25,  189,  716,  864.  Ill, 
518.     IV,  e. 
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degree  of  coBtuiiied  gndiMil  coBdeaAtioB.  We  ere  a«  jet  so  iittle 
acquainted  with  the  nature  and  distribution  of  this  mailer,  tbat  an 
application  of  mathematical  calculations,  founded  on  the  attraction 
of  gravitation,  for  wiUit  of  data,  cannot  be  applied  in  order  ta 
suggest  to  us  what  appearance  might  next  be  expected ;  I  shall 
therefore  proceed  in  a  regular  manner  to  give  the  obtervations, 
which  shew  what  these  appearances  are,  witbeail  entering  into  any 
theoretical  discussions. 

In  the  following  two  assortments  we  have  forty  nebultt*. 

Nmnber  03  of  the  CmmomoMce  dm  T$mpi  is  ^  A  very  bright 
**  nebula,  catendhig  ftom  iiorth^prreeding  to  south-following  9 
*<  or  10^ kmg,  and  wmr  4f  broad ;  it  hasa  veiy  brilliant  aucleus.** 
Fig.  17. 

I.  107  is  <'  A  very  br^ht  romid  aebahi,  about  1^  minutes  ia 
•*  diameter;  it  hasa  bright  mKlenam  the  auddle.'*    Fig.  28 

The  nuclei  of  these  nebuhe,  after  what  has  been  proved  of  the 
existence  of  a  condensing  power,  I  need  not  hesitate  to  ascribe  to 
the  longer  eontiauaaoe  of  its  action,  which  appeals  to  bring  on  a 
consoHdition ;  and  that  this  may  be  the  eaaseqaeftee  vre  may  coo* 
elude,  not  only  ih>m  the  power  of  coodeasiqg,  which  argues  a  so^ 
ficient  quantity  of  matter,  but  also  from  the  quality  of  shinuif  | 
for  this  proves  that  the  sabitanoe  which  throws  oat  the  nebulous 
light  is  endowed  with  some  other  of  the  general  qualities  of  matter 
besides  that  of  gravitation. 

A  second  remark  I  have  to  make  is,  that  the  opaque  nature  of 
the  nebulous  matter  which  was  before  inferred  from  analogy,  is 
here  supported  by  observation;  for  these  consolidated  nuclei  have 
a  considerable  resemblance  to  the  disks  of  planets ;  and  i£  this  mat- 
ter consisted  only  of  a  luminoas  sahstanoe,  the  increase  of  light 
would  probably  for  exceed  thehr  obsenred  histre :  this  being  the 
case,  the  power  of  arrestmg  tight  m  its  passage  is  an  additional 
quality,  very  different  from  those  which  hafe  already  been  men- 
tioned, and  seems  to  be  analogous  to  properties  which  we  know  to 
belong  to  hard  and  solid  bodies. 

•  99eTm9ml9'§§v9n€*U9k4adtukuUBi  mthmmudew.  I.  43,  77,  186,  156, 
17C,  180,  908,  SS4,  S40,  S50,  055,  870,  380,  881..  II.  838,  460,  759, 
768,  796,  846,  849,  891.    V.  18,  84,  48.     Connolu,  63,  101. 

TlUrUmnmmd  or  nutrljf  round  fubuUtt  wUhanueUus,  I.  107,  133,  139, 
168,  167,  803,  885.    II.  99,  501,  746,  754.    IH.  178.    C^asstit.  90. 
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S6.  Of  extended  Nebula  that  «Ao»  the  Progress  of  Conden- 
sation. 

Vhtn  th«  Bebnloat  amtttr  ■<  moch  esleadcd  'm  length,  it  ap- 
pean  from  the  fotlowing  netmlte,  tint  nitfi  those  which  have  a  iiti- 
deui  eompletely  fenMd,  the  Debulonty  on  each  tide  of  it  n  com- 
paiatively  reduced  to  a  fiunt«r  state  than  it  ii  in  nebahe  of  whtcfa 
Ae  nacleai  ti  qiparatly  stDI  in  an  adpient  stale.  These  faint 
opporfte  afpcndagtt  to  tfK  nnclew  I  have  ia  my  obserTatioiia  called 
brancbet. 

In  fOne  Bebulx  tbetc  ii  aim  an  additional  smdl  Jvint  nebulosity 
•f  a  drCnlar  (bnn  about  the  nudens,  and  this  I  have  called  the 
clwrelue.  Hk  foUowiog  two  assortments  contam  twentj^ei^ 
•ebalK  of  this  Itind  ". 

NmrilMt  6S  of  tilt  CoamimaKeek  "  A  very  briJIiaBrt  aebola  ex- 
"  tended  in  the  awidian,  about  ly  loag.  It  baaa  bH^tandens, 
"  Ilia  li^l  of  whicb  wddcwly  dimnii Acs  ooiti  bonlfr-aad  twoo|>- 
"  ponle  veiy  ftiat  bfaDchM."    Fig,  2g. 

I.  f  Oi  ia  "  A  tcry  biiUiaat  ndnda,  &'  or  ff  long  and  S*  w  4' 
"  brand :  it  bas  a  saaM  brigU  uoclciu  with  a  &int  cbeTClue  about 
"  kt  and  two  nfpaaitw  vorj  exlcnsire  brancbo,"    Tig.  SO. 

Thn  conatonctioo  of  tbeae  ncbnJc  is  oertaioly  coaiydicated  and 
-WgiliMm,  and  in  oar  luasaut  state  of  knowledge  it  wotttd  be  fure- 
I  to  attempt  an  explanation  of  it :  wc  can  only  form  a 
,  whkfa  bowwnr  may  lead  to  the  following 
qaenek  Mxy  »ot  the  ftinTnnr  of  tbe  biancbes  arise  from  a  gn- 
^dnal  danmlia*.  tf  the  length  and  d«iaity  of  the  nabalMi  matter 
tnwirfmJ  it  tbcMi  occasionod  by  its  giarilatioo  towards  the  oadeus 
Ma  wWA  it  prabably  anbsides  I  Are  not  these  liunt  oebnlous 
ittnnalnsjoiaiiV  tBanndcnSj  upon  an  iinsMMe  scale,  somewhat 
<Me  what  the  ««4saeal  light  is  to  our  ton  in  nuniatuiel  Doea  net 
AcahevdnBB'deMte  that  peifaapa  some  of  IhenebiiloiisinaMar  atill 
remainiBg  ia  the  biisschss,  bafon  it  anbsidas  into  a  nudens,  begins 
to  take  a  q»berical  form,  and  thns  assumes  the  semblance  of  a  taint 

See  TmMS'tkrM  »ximl*d  rulste  wM  a  mdtm  mad  »m  tfp«ntt  fmlut 
•rndlu.  I.  9,  13,  15,  tT,  31,  TJ,  ISO,  ISO,  163,  1B7,  IBB,  193,  «0> 
SSe,  230.    II.  lOl,  630,  133.    IV.  61,    V.  «3.     Cemula.  05,  S3,  9S. 

FfvtwUhm  mtkv,  dimhri  ««t  Inmdb*.  L  19«,  305,  SIO.  V.  *S. 
CviiMia.  94. 
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chf velure  Mmraiidiiig  it  io  a  conceotiic  ansof^meiil  f  And,  if  mt 
may  venture  to  extend  these  queries  a  little  farther— will  not  the 
matter  of  tlieae  branches  in  their  gradual  iail  towards  the  nudeas^ 
when  discharging  their  substance  into  the  chevelure,  produce  a  kind 
of  vortex  or  rotatory  motion  ?  Must  not  such  an  effect  take  place, 
unless  we  suppose,  contrary  to  observation,  that  one  branch  b  ex- 
actly like  the  other;  that  both  are  exactly  in  a  line  passing  through 
the  center  of  the  nucleus,  by  way  of  causing  exactly  an  equal  stream 
of  it  from  each  branch  to  enter  the  chevelnre  at  opposite  sides ; 
andr  this  not  being  probable,  do  we  not  see  some  natural  cause 
which  may  give  a  rotatary  motion  to  a  celestial  body  in  its  very 
formatioul 

27.  Of  rouMd  Nebula  that  $ham  the  Progms'qf  Condensation. 

When  round  nebule  hav«  a  nnclens,  it  is  an  indication  that  they 
have  already  undergone  a  high  degree  of  eondensation.  From  thefr 
figure  we  are  assured  that  the  form  of  the  nebulosity  of  which  they 
are  composed  h  now  spherical,  whatever  may  have  been  its  ori- 
ginal Aape ;  and  being  surrounded  by  a  chevelure,  we  may  look 
upon  its  difierent  evanescent  degrees  of  fluntness  at  a  sign  whereby 
to  judge  of  the  gradual  progress  of  the  consolidation  of  the  nu- 
cleus. The  Allowing  seventeen  nebulss  are  given  in  two  assort* 
menis*. 

IV.  03  is  ''A  considerably  bright  nebula  with  a  very  bright  nu- 
*'  cleus^  and  a  chevelnre  about  S  or  4^  m  diameter."    Fig.  31. 

Iff.  99  »  ''  A  small  nebula  with  a  pretty  bright  nucleus  and  very 
^  faint  chevelnre ;  it  b  almost  like  a  nebulous  star.**    Fig.  32. 

The  chevelure  of  these  nebuke  consists  probably  of  the  rarest 
liebulous  matter,  which  not  having  as  yet  been  consolidated  with 
the  rest,  remains  expanded  about  the  nucleus  in  the  shape  of  a  very 
extended  atmosphere ;  or  it  may  be  of  an  elastic  nature,  and  be 
kept  from  unitmg  with  the  nucleus,  as  their  elasticity  causes  the  at- 


*  See  Fifteen  round  or  nearly  round  nebul^t  with  a  nucleuM  tnd  faint  chtve^ 
lurt.  I.  40,  137,  226,  842,  251,  262.  II.  321.  III.  291,  373.  IV.  23, 
54,  56,  59,  16.     Connoiss.  32. 

Tmo  nthultt  with  a  nucUui  and  cA^vebcrt  rciemhUng  ntbulous  iUn,  U*  32. 
III.  99. 
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UioaplieKS  of  the  pfamctetobe  eipanded  about  them*    lo  this 
we  have  another  property  of  the  nebulous  substance  to  add  to  the 
fonner  qualities  of  its  matter. 

With  those  nebolss  where  this  cheveluie  is  uncoinmoDly  faints 
and  the  nnctens  wtry  bright,  the  consolidation  appears  to  have 
reached  a  still  higher  degree,  and  their  resemblance  to  nebulous 
stars  may  lead  to  very  interestug  consequences. 

28.  Of  round  NebuliB  that  are  ahnost  of  an  uniform  Light » 

The  argument  that  the  nebulous  matter  is  in  some  degree  opaque 
which  b  given  in  the  25th  article,  will  receive  considerable  support 
fipom  the  appearance  of  the  followipg  nebulae ;  lor  they  are  not  only 
round,  that  is  to  say  the  nebulous  matter  of  which  they  are  com- 
posed is  collected  into  a  globular  compass,  but  they  are  also  of  a 
light  which  is  nearly  of  an  uniform  intensity,  except  just  on  the  bor- 
ders.    I  give  these  nebulse  in  two  assortments  \ 

Number  gj  of  the  Cotmwsance  is  ''  A  very  bright,  round  ne- 
**  bnla  of  about  S'  in  ^ameter ;  it  is  nearly  of  equal  light  through* 
**  oof,  inth  an  ill-defined  margin  of  no  great  extent.** 

IV.  13  is  ''A  pretty  faint  nebula  of  about  1^  diameter;  it  is  per- 
<'  fectiy  round,  and  of  an  equal  light  throughout;  and  the  edges  of 
^  it  are  pretty  well  defined.*    Fig.  33. 

.  Admitting  that  these  sateen  nebulae  are  globular  collections  of 
■ebnloos  ouitter,  they  oonM  not  appear  equally  bright,  if  the  nebu- 
losity of  wUeh  they  are  composed  cousbted  only  of  a  luminous  sub* 
stance  perfectly  penetrable  to  light ;  at  least  this  could  not  happen 
unless  a  certain  artificial  condensation  of  it  were  introduced,  which 
can  have  no.  pretension  to  probability  in  its  favour.  Is  it  not  ra- 
ther to  be  supposed,  that  a  certain  high  degree  of  condensation 
has  already  brought  on  a  sufficient  consolidation  to  prevent  the 
penetration  of  light,  which  by  this  means  is  reduced  to  a  super- 
ficial planetary  appearancel 

29.  Of  Nebula  that  draw  progressively  towards  a  Period  of 

final  Condemation, 

In  the  course  of  the  gradual  condensation  of  the  nebulous  matter, 

•  See  Fnwfrom  9f  to  V  in  diameter.     IV.  50,  62,  67.     Connous.  97. 
TTwelve  neMmfi^m  iofa  minute  /•  ^  in  diameter.     I.  267.    II.  1B6,  SOy, 
705,  S36,  S70.     III.  152,  877.    IV.  13,  14,  16,  39. 
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k  nqr  to  txpictod  dMt  t  tiMe  anat  cont  wiMB  ^  4iii  no  loiig«  he 
compMiwd,  ladl  the  odIj  caoac  whkh  im  My  iiypoM  to  |Nit  m 
end  to  the  comprassion  is,  when  the  contolkhted  iMtter  ■iwfi 
htrdnett.  It  remains  theiefore  to  be  eiemined,  bow  far  my  ob« 
eeirations  will  go  to  nsoertMn  the  inleasitjof  its  eoosblidatiQa. 

The  foUowmg  two  amoitments  eontahi  seien  oeboI»,  horn  wboee 
qppeanuiGe  a  considerable  degiee  of  solidity  may  be  infened  \ 

IV,  55  is  <<  A  pretty  bright  round  nebula,  almost  of  an  even 
"  light  throughout  approaching  to  a  planetary  appearance,  but  ill 
<•  defined,  aad  a  little  fafaiter  on  the  edges;  itiiabout|or  1  mi- 
^  note  in  diaaMter.**    Kg.  34. 

IV.  ajr  ii  «'  A  fery  bright  planetary  dish  of  about  35"'  in  die- 
^  meter,  but  ill  defined  on  the  edges;  the  center  of  it  is  rather 
"  mone  Inmioons  than  the  rest,  and  with  long  attention  a  ¥eiy 
^  bi%ht  well  defined  round  center  becomes  visihie/    Fig.  35. 

In  these  nebulse  we  have  three  diferent  indications  of  the  com'' 
ptessiea  of  the  nebulous  matter  of  which  they  are  composed :  their 
fignvt,  thchr  li|^t,  and  the  small  eompam  mto  which  it  is  reduced. 
The  round  figure  ii  a  proof  that  the  nthukms  mass  is  collected  into 
a  glebular  lonn,  which  eannst  have  been  efbded  without  a  cerfaio 
d^gsae  of  cendoBsadoo. 

Their  plauetaiy  appearance  shows  that  we  only  see  a  superficnl 
histre  snoh  as  opaque  bodies  exhibit,  and  which  could  not  happen 
if  the  aebdous  amtler  had  no  other  qaality  than  thi^  of  shioiog,  or 
had  soHtde  solidity  m  to  be  perfectly  transparent.  That  there  is  a 
ocfftam  BMzimom  of  brightness  occiMloned  1^  condensation,  is  to 
be  mferred  firom  the  diftrent  degrees  of  light  of  round  nebulv  that 
are  in  a  nwch  less  advanced  slate  #f  compression ;  for  these  are 
gradually  more  bright  towards  the  osnler;  which  proves  that 
brightness  keeps  op  with  condensation  tiM  the  increase  of  it  brings 
en  a  consolidation  which  wiH  no  looger  fierrait  the  internal  pene- 
tmtion  of  light,  and  thus  a  planetary  appearance  must  in  the  end  he 
the  consequence;  for  planets  are  solid  opaque  bodies  sjiioiu^  only 
by  superficial  light,  whether  it  be  innate  or  reflected. 

From  the  size  of  the  nebulse  as  we  see  them  at  present,  we  cannot 
form  an  idea  of  the  original  bulk  of  the  nebuloas  matter  they  con- 


*  See  Four  mMm  of  apUuuiarjf  appe0rMC§.     IV.  55,  60,  6S,  78. 
I%n$  fUmtiary  4i$ka  wHh  a  bright  ctm^uljf^hU     II.  a^8.    IV.  37,  73. 
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laio ;  1>Qt  let  tii  admit,  for  the  nke  of  compuUlioo,  that  the  nebu* 
losity  of  the  above  described  nebuki  IV.  55^  wheo  it  was  in  a  state 
of  difiusioD,  took  up  a  ^oe  of  1(/  io  every  cubical  directioo  of 
its  expansion ;  theo^  as  we  now  see  it  collected  into  a  globular  com** 
pass  of  less  than  one  minute,  it  must  of  course  be  more  than  nine- 
teen hundred  rimes  denser  than  it  was  in  its  original  slate.  This 
proportion  of  density  is  more  than  double  that  of  water  to  air. 

With  regard  to  planetary  disks,  which  have  bright  central  points, 
we  may  surmise  that  their  original  difliised  nebulosity  was  more 
unequally  scatteredt  and  that  they  passed  through  the  di&rent 
stages  of  extended  nebulae,  gradually  acquiring  a  nucleus,  cheve- 
lure,  and  branches.  For  in  nebulae  pf  thb  construction,  the  conso* 
lidatioa  of  a  nucleus  is  already  much  advanced  at  the  time  when  a 
considerable  quantity  of  nebulous  matter,  an  account  of  its  greater 
central  distance,  remains  still  unformed  in  the  branches;  and  if  the 
condensation  of  the  nucleus  should  keep  tlie  lead,  it  will  come  to  a 
atate  of  great  solklily  and  maximum  of  brightuess  by  the  time  tliat 
the  rest  of  the  nebulosity  is  drawn  into  a  planetary  appearance. 

30.  OfFlanetary  Nebula. 

The  objects  of  which  I  shall  give  an  account  in  this  article  have 
to  near  a  resemblance  to  planets,  that  the  name  of  planetary  ne- 
bulifc  very  justly  expresses  their  appearance ;  for  notwithstanding 
their  planetary  aspect,  some  small  remainuig  taunness,  by  which 
they  still  are  more  or  less  surrounded,  evinces  their  nebulous  ori* 
^n«  In  my  catalogues  the  places  of  the  followmg  ten  have  been 
given  \ 

IV.  18  is  *'  A  beautiful  bright  round  nebula,  having  a  pretty 
^  well  defined  planetary  disk  of  about  10  or  \9f'  in  diameter.  It 
'*  is  a  little  elliptical,  and  has  a  very  small  star  following,  which 
^  gives  us  the  idea  of  a  small  satellite  accom|ninying  its  planet.  It 
"  is  visible  in  a  common  finder  as  a  small  star."    Fig.  3(l. 

IV.  27  is  **  K  beautifiil  very  brilliant  globe  of  light,  haey  on  the 
**  edges,  but  the  hazmess  going  off  suddenly.  I  suppose  it  to  be 
**  horn  30  to  ¥f  m  diameter,  and  perhaps  a  very  little  elliptical. 

The  light  of  it  seems  to  be  all  over  of  tlie  uniform  lustre  of  a 

•  ^tFkmiar^nthUttlV.Xi  11,  18,  26,  27,  34,  51,  53,  64,  70. 
VOL.  i.  H 
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*'  star  of  the  glh  magoitiide.    The  htzinen  on  the  edges  does  not 
"  exceed  the  aoth  part  of  the  diameter  * 

IV.  51  is  ''A  small  beautiful  planetary  nebula,  but  considerably 
**  haxy  upon  the  edges;  it  b  of  a  uniform  light,  and  considerably 
''  bright,  perfectly  round,  and  about  10  or  15^  in  diameter.** 

IV.  53  is  ^'  A  pretty  bright  planetary  nebula  of  neariy  1^  in  dia- 
**  meter;  it  is  round,  or  a  little  elliptiod ;  its  light  b  uniform,  and 
*'  pretty  well  defined  on  the  borders.** 

IV.  64  is  '« A  beantibl  planetary  nebnla  of  a  considerable  de- 
*^  gree  of  brightness,  but  not  very  well  defined,  about  12  or  15^  hi 
•*  diameter.* 

The  remarks  whidi  have  been  tnade  on  the  nebulse  of  the  fore* 
going  article,  will  here  apply  with  additional  propriety;  for  the 
light  of  these  planetary  nebuke  must  be  considerably  more  con- 
densed than  tint  of  the  foregoing  sets.  The  diameter  of  four  of 
them  does  not  exeeed  15^,  so  that  if  we  agam  suppose  the  original 
difiused  nebulosity  firom  which  they  sprang  of  10"  in  cubical  di- 
mensions, we  shall  haye  a  condensation,  which  has  reduced  the  ne- 
bulous matter  to  less  than  the  one-hundred-and-twenty-two  thou- 
sandth part  of  its  former  bulk. 

One  of  tliem«  number  34  in  the  4th  dass«  appeared  even  in  the 
20  feet  telescope^  with  the  swcepbg  power,  like  a  star  with  a  laige 
diameter,  and  it  was  only  when  magnified  240  times  that  it  re- 
sembled a  small  planetary  nebulai  nor  can  any  of  these  nebube  be 
distinguished  firom  the  neighbouring  small  stars  in  a  good  common 
telescope  night-glass,  or  Aider. 

When  we  reflect  upon  these  circumstances^  we  may  conceive 
that^  perhaps  in  progress  of  time  these  nebulae  which  are  already 
in  sudi  a  state  of  compression,  ms^  be  still  farther  condensed 
so  as  actually  to  become  stars. 

It  may  be  thought  that  solid  bodies,  such  as  we  suppose  the  stars 
to  be  from  the  analogy  of  their  light  with  that  of  our  sun  when 
seen  at  the  distance  of  the  stars,  can  hardly  be  formed  from  a  con- 
densation of  nebulous  matter ;  but  if  the  immensity  of  it  required 
to  fill  a  cubical  space,  which  will  measure  ten  minutes  when  seen  at 
the  distance  of  a  star  of  the  8th  or  9th  roaguitude,  is  weU  consi- 
dered, and  properly  compared  with  the  very  small  angle  our  sun 
woiild  subtend  at  the  same  distance^  no  degree  of  rarity  of  the 
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n^bukMS  nHMer,  to  wfciili  «p»  siay  frnwaMCMiir,  can  be  iny  ^h- 
jcctioo  to  the  mWiIj  4re^prifdl  1^  tbe  ciMtffwtion  ^  a  body  of 
equal  SMgaitiKie  with  onr  «ati* 

A  eirciMiitaii^e  wbiob  0lMt  theie  teij  €Oiii|iKMed  aefaobB  to  the 
charaelerof  BNuy  of  our  weli-koowa  celestial  bodies,  such  as  soane 
cf  the  plaMts  aad  Iheir  eatellites,  the  son  and  all  periodical  stars* 
is  that  very  probably  most,  if  oot  all,  of  tbem  turn  on  tbeir  axja. 
Seven  ef  the  tea  I  have  mcntioDed  are  not  perieotly  round,  but  a 
▼ery  little  atUptkaL  Oogbt  we  oot  to  ascribe  this  figure  to  the 
eame  cante  which  bas  flattened  Ikft  polar  diameter  of  the  pliUMts^ 
nanely » a  cotatory  molion  t 

At  the  end  of  the  20th  article  I  bam  already  pointed  ont  one 
configwation  of  the  nebulons  matter,  «f  which  the  final  condensn- 
tjon  seems  to  be  properly  disposed  for  bringing  on  a  rotatory  nuv 
tionof  the  nucleus  bat,  ifwa  consider  this  asatteria  a  general 
fight,  it  appcata  tfiatoimy  igmre  which  is  not  ahready  globular  must 
have  eccentric^  nebulous  matter,  which  in  its  endeavour  to  come  to 
the  center,  will  citlier  dislodge  MHne  of  the  nebulosity  which  is 
already  deposited,  or  slide  upon  it  sideways,  and  in  both  cases  pfo* 
dnce  a  dreahHr  motion ;  so  that  in  lact  we  can  hantty  suppose  apos- 
fllbilily  of  the  pradndiea  of  a  globular  form  without  a  conaeytut 
tevokrtiott  of  the  aebuloas  matter,  which  in  the  end  may  settle  m  a 
vegnlar  rotation  above  some  fiaed  aais.  Many  of  the  extended, 
and  irregidar  neboke  aie  coosMerably  eHqptieal,  and  the  inregolar 
Tonnd  ones  *shew  a  general  approach  to  the  oval  form ;  now  thesfe 
figures  are  all  Ihvourable  to  a  aurmise,  that  a  rotatory  motion  may 
often  take  place  even  faefne  the  noclcus  of  a  nebula  can  hmt  aiw 
rived  to  a  state  of  eonsolidatioo.  An  objecHoa,  that  Ibb  renmric. 
able  form  of  phinelary  nebube  may  l>e  owing  to  chance,  will  hardly 
deserve  to  be  mentioned,  because  the  itaipvolNibAity  of  such  a  sup* 
porithmmusi  eadude  H  from  all  dakn  tovefutatien. 

SI.  Qfikg  Dktamie  of  tie  N0Ma  iu  fie  OnmOaiim  of 

Orkm. 

In  my  3d  article  I  eonduded,  ftom  the  appearance  of  the  great 
-nebula  iu  Orion,  that  the  range  of  the  visibility  of  the  difused  nebu- 

•  A  cubical  space,  the  fiile  of  which  at  the  diMance  of  a  iter  of  the 
8th  magaitade  if  leen  under  an  angle  of  M^,  exceeds  the  balk  of  the  tao 
(9SOM00060000000000)  two  Ifilfion  aad  908  airOMuid  bttUeatiaief. 
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Knis  matter  caonol  be  greets  becauae  we  may  there  lee  m  one  wd 
Ibe  «ae  object,  boCb  tbe  brigbt^  and  fimiteit  appearance  of  neba* 
losities  that  can  be  seen  any  where.  It  wiH  therefore  be  a  cate  of 
•ome  mterest,  if  we  can  form  any  conception  of  the  place  among 
the  fixed  ftan  to  which  we  onght  to  reier  the  skuatioa  of  this* 
nebuhi;  and  this  I  beBeve  my  observatioa  of  it  will  enable  ut  to 
determme  pretty  nearly. 

In  the  year  177"^  the  4th  of  March,  I  observed  tbe  nebuknis 
star,  which  b  tlie  43d  of  the  Camnhtanee  de$  Temps,  and  is  not 
many  minntet- north  of  the  great  nebula;  but  at  the  same  timet 
also  took  notice  of  two  shnilar,  but  much  onaller  nebulous  stars*; 
one  on  each  side  of  the  large  one,  and  at  nearly  equal  distances 
ftom  it  Fig.  37  »  t  copy  of  a  drawing  which  was  made  at  the 
time  of  obsenratton. 

In  J  783, 1  examined  the  nebulous  star,  and  foimd  it  to  be  faintly 
surrounded  with  a  drcular  gkury  of  whitish  nebulosi^,  fiuntly  join^ 
ing  to  the  great  nebula. 

▲bout  the  latter  end  of  the  same  year  I  remarked  that  it  was  not 
ectuaUy  surrounded^  but  most  nebulous  towards  the  south. 

In  1784^  I  began  to  entertain  an  opinion  that  the  star  was  not 
connected  with  the  nebulosity  of  the  great  nebula  of  Orion,  but 
was  one  of  those  which  are  scattered  over  that  part  of  the  heavens. 
In  1801, 1806,  and  1810,  this  opmion  was  fiilly  confirmed  by 
tbe  gradual  change  which  happened  m  the  great  nebula,  to  which 
the  nebulosity  surrounding  this  star  belongs.  For  the  intensity  of 
the  Ught  about  the  nebulous  star  bad  by  this  time  been  consides* 
ably  seduced,  by  the  attenuation  or  dissipation  of  the  nebulous 
matter ;  and  it  seemed  now  to  be  pretty  evident  that  the  starts  fiir 
behind  the  nebulous  matter,  and  that  consequently  its  light  io 
passing  thfough  it  ia  scattered  and  deflected,  so  as  to  produce  the 
appearance  of  a  nebdous  star.  A  sunilar  phenomenon  may  be  seen 
whenever  a  planet  or  a  star  of  the  1st  or  2d  magnitude  happens  to 
be  involved  in  haziness;  for  a  diffused  circular  light  vnll  then  be 
seen,  to  which,  but  in  a  much  inferior  degree,  that  which  surrounds 
this  nebulous  star  bears  a  great  resemblance. 

When  I  reviewed  this  interesting  object  in  December  1810, 1 
directed  my  attention  particularly  to  the  two  small  nebulous  stars, 
by  the  sides  of  the  large  one,  and  found  that  they  were  perfectly  free 
from  every  nebulous  appearance ;  which  confioned  not  only  my 
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•  • 

ftfrmer  tmnnbe  cif  the  giett  atteoiiatiotf  of  the  nebolosity,  hot  alto 
provetl  that  their  former  nebulous  a|>peaiaiioe  had  htea  entirely 
the  effect  of  the  passage  of  their  feeble  light  through  the  nebuloasi 
matter  spread  out  before  then. 

The  i9th  of  Jan«aiy  181 1,  i  had  another  critical  examination  of 
the  same  object  in  a  Tery  dear  view  thiottgh  the  40-ieet  telescope ; 
but  notwithstanding  the  superior  light  of  this  instrument,  I  could 
not  pereeive  any  remains  of  nebulosity  about  the  two  small  stars, 
which  were  perfectly  clear,  and  in  the  same  situation,  where  about 
thirty-seven  years  before  I  had  seen  them  involved  in  nebulosity. 

if  then  Ibe  light  of  these  three  stars  «s  thus  proved  lo  hare  mider* 
gone  a  visible  modification  in  its  passage  through  the  nebulous  mat* 
ier^  it  follows  that  its  situation  among  the  stars  mm  less  distant  from 
tts  than  the  iaigest  of  the  three^  which  I  suppose  to  he  of  the  8th  or 
9th  magnitude.  The  farthest  distance  therefore,  at  which  we  caa 
place  the  faintest  part  of  the  great  nebula  in  Orion,  to  which  th* 
aebolosity  surromidiog  the  star  belongs,  cannot  well  exceed  the  ra» 
glon  of  the  stars  of  the  7th  or  8th  magnitude,  but  may  be  muc^ 
neaver ;  perhaps  it  may  not  amount  to  the  distance  of  the  stars  of 
Ike  Sd  or  and  order ;  and  consequently  the  most  lominous  appeav^- 
aace  of  this  nebula  must  be  supposed  to  be  still  nearer  lo  us.  From 
the  veiy  considerable  changes  I  have  observed  in  the  arrangenent 
of  its  nebolosity^  as  well  as  from  its  great  extent,  this  infereoDe 
seems  to  have  the  support  of  observation ;  for  In  very  distant 
objects  we  cannot  so  easily  pereeive  changes  as  in  near  ones,  on 
account  of  the  samller  an(^  which  both  the  objects,  and  its  change 
jobtend  at  the  eye.  The  following  memorandum  was  made  when 
I^riewed  it  in  1774;  *•  ks  shape  is  not  like  that  which  Dr.  Smith 
^  has  ddineated  m  his  optics,  though  somewhat  lescmbling  it,  bebg 
'*  nearly  as  in  fig.  37 :  from  this  we  may  infer  that  there  are^  un« 
^'  dmibtedly  dmnges  among  the  regions  of  the  fixed  stan ;  and 
^  perhaps  from  a  careful  observatioa  of  this  lucid  qpol^  something 
'*  may  be  condaded  concerning  the  nature  of  it^ 

In  January  1783,  the  nebulous  appearance  differed  much  from 
what  it  was  in  1/80,  and  in  September  it  had  again  undergone  a 
change  in  its  shape  since  iannary. 

March  13^  1811.  With  a  view  to  ascertain  such  obvious  altera* 
tions  in  the  disposition  of  the  nd>ulous  matter  as  may  be  depended 
on,  I  selected  a  telescope  that  had  the  same  tight  and  power  wUch 

H3 
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XlnHf-mitu  jmn  ago  I  nstd,  whtm  I  made  the  dbove-BMBlioned 
drtwiftg  I  md  tht  relative  utootioii  of  the  stars  reroakiiag  as  before, 
I  foond  that  the  amngemetit  of  the  nebulosity  difiEers  considerably. 
The  northern  branch  AT  still  remains  ntarly  parallel  to  the  direclioB 
of  the  stars  m  b ;  but  the  southern  branch  ^  is  no  longer  extended 
towards  the  star  d ;  its  direction  is  now  towards  t,  which  is  very 
faintly  involved  in  it.  The  figure  of  the  branch  b  also  different ; 
the  oebnlosity  in  the  parallel  P  j^  of  the  three  stars  being  more  ad- 
vanotd  towards  the  following  side  than  it  was  fortnerly. 

I  compared  also  tlie  present  appeataoce  of  thk  nebula  with  the 
delincatioB  with  Huyghens  has  given  of  it  ui  hi9  Sysiema  Saiurmumt 
page  8»  of  which  fig  88  is  a  copy.  The  tweWe  stars  which  he  has 
marked  are  sufficient  to  point  out  the  arrangement  of  the  nebulous 
mattet  at  the  time  of  his  observation.  By  their  situation  we  find 
that  the  nebula  bad  lie  southern  branchy  nor  indeed  any  to  the 
norths  unksa  we  call  the  BebokMly  in  the  direction  of  the  parallel  a 
hranci ;.  bul  then  this  bfaiich.is  not  parallel  to  a  Ime  drawn  from  a  to 
the. star  b ;  monever  the  slar/b  new  involved  in  faint  nebulosity, 
which  also  reaches  nearly  upto  g,  and  quite  incloses  A.  The  star  b 
whieh:  ia  MOfw  aebulous*.  is  represented  as  perfectly  out  of  all  neha« 
losity»  and  can  hardly  be  supposed  to  kave  been  affected  when 
Hnygbena  obsatved  it 

The  changes  tha^  are  thus  proved  to  have  already  happened,  pre* 
pare  as  (at  these  that  may  be  expected  liereafkr  to  take  place,  by 
the  gradual eondensatioB  of  the  nebuleiM  matter;  for  had  we  no 
where  an  instance  of  awy  aHelatiM  in  the  appearance  of  nebulae, 
they  might  be  loohed  upon  aa  permanent  celestial  bodies,  and  the 
successive  changes^  to  whkh  by  the  aelion  of  an  attracting  princi* 
pie  they  have  been  conceived  to  be  subject,  might  be  rejected  as 
being  unsupported  by  observation. 

The  various  appearances  of  this  nebula  are  so  instructive,  that  I 
shaft  apply  them  to  the  snlvject  of  the  partkl  opacity  of  the  nebulous 
matter,  which  has  already  been  inferred  from  its  planetary  appear- 
ance^ when  extremely  condensed  in  globular  masses ;  but  which  now 
may  be  sapported  by  nmra  dheet  arguments.  For  when  I  formerly 
saw  three  fictitious  nebulous  stars,  it  will  net  be  contended  that  there 
weie  three  snmll  shining  nebulosities^  just  m  the  three  lines  in  which 
I  aaw  tbem^  of  which  two  aie  now  gene  and  only  one  remainmg.  As 
weft  might  ite  aioribe  the  Ught  surrounding  a  star,  which  b  seen 
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iQrough  m  mitt*  to  a  quality  of  alraiiiig  bdosgnig  to  tbat  particiilar 
poirt  of  the  misty  which  by  dianee  ha|ipeiied  to  be  aitnated  where  the 
star  is  seen.  If  then  the  former  oeboloiity  of  the  two  stars  which 
have  ceased  to  be  nebuloos  can  only  be  ascribed  to  an  effect  of  the 
transit  or  penetration  of  their  light  throogh  Mbnloiis  matter  which 
deflected  and  scattered  it,  we  have  now  a  direbl  proof  that  this  mat'* 
ler  can  exist  in  a  state  of  opadty,  and  may  possibly  be  diffused  in 
many  parts  of  the  heavens  without  our  being  able  to  perceive  it 

That  there  has  been  shining  as  well  as  opaque  nebulous  matter 
about  the  large  star,  appears  from  several  observaUons  I  have  made 
upon  the  light  which  surrounded  it<  In  1783  the  nebulosity  about 
it  was  so  considerable  in  brightness,  and  so  much  on  one  side  of  it» 
that  the  star  did  not  appear  to  have  any  connection  with  it.  The 
reason  of  which  is  plainly,  that  the  shining  quality  of  the  nebulous 
matter  then  overpowered  the  feeble  scattering  of  the  h'ght  of  the  star 
in  the  nebulosity. 

32.  OfSullar  Nebulise. 

'  It  has  been  remarked  that  diffused  nebulosities  may  exist  nn* 
known  to  us,  among  the  more  distant  regions  of  the  fixed  stars ;  and 
Chough  we  may  not  be  able  to  see  a  nebukNis  difinsion  that  is  far- 
ther from  us  than  the  moderate  distance  at  which  we  now  have  rea« 
too  to  suppose  the  faintest  visible  nebulosity  of  the  nebula  in  Orion 
to  be  placed  ;  yet  if  some  former  diffusion  of  the  nebulous  matter 
ibo«kl  be  already  reduced  into  separate  and  much  condensed  ne« 
bulse,  they  might  then  come  within  the  reach  of  telesc<^pes  that  have 
m  great  power  of  collecting  light :  this  being  admitted^  there  is  a 
probability  that  some  of  the  various  diffusions  of  the  nebulous  nal* 
terj  ftoa  which  our  present  nebnlss  derive  their  origiii,  may  have 
been  much  farther  from  us  than  others*  For»  in  every  descariptioB 
of  figure,  wot  and  condensation,  of  which  I  have  given  instances, 
vre  find  not  only  very  bri^t  and  very  large,  but  alsotfaint  and  sualU 
as  well  as  extremely  faint  and  extremely  small  nebuiss ;  and  the 
same  gradations  will  now  be  found  to  run  through  that  class  which 
1  have  called  steUar  nebnlse.  This  classification  was  introduced  m 
my  sweeps  when  the  objects  to  be  recorded  came  in  so  quick  a  suc- 
cession that  I  found  it  expedient  to  express  as  much  as  I  could  in  as 
few  words  as  possible,  and  by  calling  a  nebula  stellar,  I  intended  to 
denote  tbat  the  object  to  which  I  gave  thb  name  was,  in  the  first 
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place  as  nmlU  oi'  almott  at  imall,  as  a  star;  and  id  the  next*  thit 
Dotwitlistandiiig  its  smallnessj  and  starlike  appearance,  it  bore  e? !• 
dent  marks  of  not  'being  one  of  those  objects  which  we  call  stars, 
and  of  which  I  saw  many  at  the  same  time  in  the  telescope. 

The  following  thme  collections  contam  one  hundred  and  seven- 
teen  stellar  nebulse»  Mich  have  been  assorted  by  their  brightness, 
that  their  comparatfre  condensation  might  be  estimated  according 
to  the  different  distances  at  which  we  may  suppose  other  nebulas 
of  the  same  degree  of  light  to  be  placed  *• 

1. 71  is  **  A  considerably  bright^  very  small,  almost  stellar  nebula ; 
*'  the  brtghtneis  diminishing  inMnsibly  and  breakmg  oflf  pretty 
^  abruptly.  The  whole  together  is  not  more  than  about  7  or  8"^  in 
**  diameter."  A  second  observation,  made  in  a  remarkable  dear 
morning,  says,  that  •*  the  greatest  brightness  is  towards  the  following 
**  side,  and  that  the  very  faint  nebulosity  extends  to  near  a  minute.'* 

This  b  probably  a  condensation  of  a  former  nucleus  with  sur* 
reundine  chevelure. 

I*  S68  is  **  A  very  bright,very  small,  round  stellar  nebula.**  Fig.  39. 

Thn  may  be  a  former  planetary  nebula  in  a  higher  state  of  con« 
densatlon. 

II.  1 10  is  <*  A  very  bright  small  stellar  nebula  or  star  with  a  bur 
•«  all  a-round/*    Fig.  4a 

This  star  with  a  bur  is  propably  one  that  was  formerly  a  plane* 
tary  nebula  with  a  pretty  rtrong  haziness  on  the  borders. 

XL  603  is  <'  A  pretty  bright  stellar  nebula,  or  a  pretty  consider* 
able  star  with  a  very  feint  chevelnre/*    Fig.  41. 

This  may  have  been  a  planetaiy  nebnla  with  a  faint  haziness 
about  the  margin* 

IV.  46  is  «^  A  very  smaH  pretty  bright,  or  considerably  bright 
"  stellar  nebula,  like  a  star  with  burs." 

It  may  have  been  a  pretty  well  defined  planetary  nebula. 

If  it  should  he  deemed  singular  that  we  have  not  a  greater  num* 
ber  of  bright  stellar  nebulas,  f  must  remark  that,  if  the  stellar  is  a 
snccession  of  the  planetary  state,  the  number  of  bright  stellar  is  suf* 
iiciently  proportionable  to  that  of  the  planetary  nebulae ;  and  as  the 
faint  nebulas  are  fiir  more  numerous  than  the  bright  ones,  so  it  will 
be  seen  by  the  references  in  the  two  next  assortments,  that  in  propor- 

•  See  First  ntsortmemi  containing  $U  of  tU  brigktcit  iUlktr  ntkuUt.    I.  7 1, 

208.  iMio,0O3.  iy.»,4e« 


tiofi  as  bngktoeat  decreai€8»  wc  liave  a  nrach  more.copioui  coUcc* 
tioo  of  stellar  nebulae  ^. 

II.  663  b  "  A  pretty  bright  very  small  stellar  nebula." 
This  nebula  and  the  rest  of  tliem^  which  are  all  of  the^jame 
description,  must  be  looked  upon  as  condensations  of  distant  ne* 
bulae  that  had  ouclei*  or  were  nearly  about  the  planetary  condition  t« 
In  this  collection  of  nebulae  we  have  many  of  a  different  descrip- 
tion.   In  some,  the  mark  whereby  they  were  distinguished  from 
stars  was  their  figure,  the  object  not  being  so  small  but  that  its 
figure  might  still  be  perceived.    Of  others,  some  difference  in  the 
brightness  between  the  center  and  outside  was  vbible ;  and  many 
of  them  were  only  called  stellar,  because  by  some  deficiency  or 
other  in  the  appearance  it  was  evident  they  were  not  perfect  stars* 
Instances  of  every  sort  will  be  seen  in  the  following  descriptions. 
II.  424  is  '*  A  very  fiiint  stellar  nebula,  or  a  little  larger.'* 
IL  805  is  '*  An  extremely  faint  very  small  round  stellar  nebula.* 

II.  425  is  *'  A  faint  very  small  stellar  nebula^  of  an  irregular 
"  figure." 

III.  1 45  b  *'  A  very  faint  stellar  nebula ;  a  little  extended.** 
III.  691  b  *'  A  considerably  fiiint  stellar  nebula,  suddenly  much 

^  brighter  in  the  middle." 

33.  Of  Stellar  Nebula  nearly  approaching  to  the  appearance 

of  Stars. 

The  starlika  appearance  of  the  following  six  nebulae  b  so  cod« 
nderable  that  the  best  description^  which  at  the  time  of  observa* 
tion  1  could  give  of  them,  was  to  compare  them  to  stars  with 
certain  deficiencies  {• 


•^^ 


*  See  Second  asiorlment  contmining  eUven  stellar  nehuUe  of  the  nexl  iegm 
•fhrigktneu.    II.  159,  118,  119,  204,  232,  663,  676,  689,  108,  890,  867. 

f  See  Third  m$eirtmeni  eenimSning  one  hundred  tteUar  nebuUe  of  ioverml  de- 
greti  of  fainineu.  II.  127.  194,  244,  340,  341,  425,  443,  448,  449,  454, 
550,  551,  576,  618,  620,  692,  693,  718,  721,722,735,740,781,815,848, 
III.  8t,  109,  114,  119,  125,  136,  145,  151,  161,  167,  168,  169,170,171, 
172,  173,  175,  188,  215,  23),  232,  234,  240,260,276,277,278,289,294, 
3*20,  322,  34i,  400,  401,  418,  422,  423,  424,  438,  439,  469,  476,  530,  536, 
561,  562,  563,  564,  565,  571,  576,  590,  606,  627,  672,  691,  706,  737,  741, 
76  K  7GS,  770,  772,  777,  786,  793,  805,  815,  821,  828,  a43,  852,  855, 
&j^,  916. 

;  See  Three  start  mih  bars.    II.  655.    IV.  47,  49. 


IV.  49  is  «*  A  ptttty  Mglit  stellar  nebula^  Ifte  «  tfir  nhh  a 
'«  small  bur  all  around." 

The  other  two  are  of  the  same  aattire^ 

IV«.J5  is  ''  A  stellar  nebula^  or  rather  like  a  Mot  star  with  a 
^  small  ehevehire  and  two  bars.** 

The  other  two  are  nearly  of  the  same  deseription. 


34.  Of  Dtmbijiil  Nebiila. 

It  may  have  been  remarlLed,  that  many  stellar  nebulae  of  my 
catalogues  have  the  membrandam  added  to  their  descriptions  that 
they  were  confirmed  with  a  higher  magnifying  power,  and  that  this 
was  sometimes  attended  with  difficulty^  and  sometimes  could  not 
be  successively  don^ 

A  collection  of  thirty-fbur  nebulae  that  come  ooder  this  descrip- 
tion is  as  follows  f: 

II.  470  is  <'  A  small  stellar  nebuhu**  By  a  second  observation 
a  doubt  entertained  in  the  first  was  removed  with  240,  which 
shewed  it  **  pretty  bright^  but  hardly  to  be  distingubhed  from  a 
^tar." 

III.  29  is  "A  very  faint  extremely  small  stellar  nebula,  or  rather 
«<  nebulous  star.*'  The  sweeping  power  left  me  rather  doubdiil; 
*<  %40  verified  it. 

It  must  be  noticed,  that  in  theae  nebulae  the  doubt  which  was 
entertained  did  not  relate  to  the  existence  of  the  objects,  but 
mere^  to  their  nature;  and  when  the  suipected  nebula  was  so  faint 
that  even  its  existence  was  doubtful,  a  higher  power  was  applied 
only  with  a  view  to  ascertain  whether  Hie  object  existed  as  nebula 
or  as  star ;  for  had  the  suspicion  of  its  existence  not  been  accom« 
panied  with  the  expectation  of  its  being  a  nebula,  it  could  never 
have  been  attempted  to  be  verified  J. 

III.  270  is  **  A  very  fkint  extremely  small  stellar  nebula;  240 
5*  verified  it  with  difficulty  and  considerable  attention,  (he  night 
<*  being  uncommonly  clear.'* 


•  See  Three  stars  with  a  fidnt  chevehre.    IV.  15,  81,  31. 

f  See  First  assortment  confaitUng  tmeiOy^if^  verified  stBtiar  nehula,  II.  470* 
502,  661.  III.  29,  80,  84,  124,  135,  174,  184,  187,  202,  207,  214,  226, 
264,  266,  268,  269,  513,  549,  604,  742,  746,  964. 

4  See  Second  atsortmemif  containing  Jive  ttcUar  nebuUg  verified  with  diMcu'tv* 
III.  115,  212,  219,  262,  270. 
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,  Vhm  (Hfficnitr  ■  aattbbtd,  it  b  akti^  to  be  nBdoMMd  thtt 


DBlMi  befbn  a  dcdiiM  of  inio*  could  b«  foraied  *. 

IIL  7  ia  "  A  OEtekw  ttar,  but  AoobtM  of  Um  oOnlmky. 
••  Witt  940  tbc  MNM  doublliil  apt>euuce  cMtinucs."    Fig.  *i. 

Witb  lUi  ■bjeet  tho  doubt  n-bich  rannned  ooaki  oolji  idale  ta 
tbe  Mlnre  of  it;  ior  being  «t  first  sight  takra  to  ba  a  MbaUnta 
•tar,  its  eiiMnce  cuoM  oat  be  a  sabgect  for  naniouioaf  bat  Iba 
namoWod  daubl.  wbetbar  aa  object  it  a  ncbala  or  a  star,  naal. 
ccrtaMy  In  allo«(*d  to  bt  at  grcat  a  proof  of  kkatitj  aa  wa  mb 
potuUy  expect  to  ace. 

35.  Conc/udirig  Remarks. 

The  total  disMmililude  betweea  tbe  appearance  of  a  difiuiion  of 
tbe  ncbaloiu  matter  and  of  a  itar,  is  so  striking,  that  an  idea  of 
the  convcTHon  of  the  one  iuto  the  other  can  hardly  occur  to  any 
one  who  ha*  Wrt  bafore  bim  tbe  result  of  tbe  critkat  esanunation 
of  the  nebulous  ^tcm  which  has  been  displayed  iu  this  p^ar. 
lie  end  1  liave  bad  in  view,  by  amngiog  my  ohserralioni  in  Iba 
Older  in  which  they  bare  been  placed,  has  beeo  to  show,  that  tbe. 
ibove-roentiooed  extremes  may  be  connected  by  such  nearly  dlied 
tatennediale  stqrsj  as  will  make  it  highly  probable  that  every  ta«> 
caeding  state  of  the  nebnlons  maltei  is  the  result  of  the  action  of 
graritatiiMk  i^oa  it  wbil«  in  a  foregoiag  »ue,  and  by  such  steps  the 
soccesHve  couensatien  of  it  baa  been  brought  np  to  the  plaoetsiy 
condition.  From  this  the  traosit  to  the  stellar  form,  it  hajbeen 
abowQ,  requires  but  a  very  small  additional  compression  of  tba 
fKboloos  matter,, and  several  instances  hare  been  given  wbich  can- 
Met  tbe  jdaaetaiy  to  tbe  stellar  appearance. 

The  &iBt  itcHar  nabubc  bate  also  been  well  connected  wilb  all 
sorts  of  hint  nebulK  of  a  larger  site ;  and  in  a  aumber  of  the 
smaller  sort,  tbeir  approacb  to  the  starry  appearance  is  so  advan> 
ced,  tbat  in  my  obserratioQS  of  many  of  tham  it  bcGame  doubtful 
wbether  they  wen  tiot  stars  already. 

It  mast  Ittva  bata  aoticad,  tbat  I  have  caofined  myself  io  every 
one  of  the  prtceding  articles  to  a  few  remarks  upa>R  the  appearance 

>  See  TUrt -ttfhuaU,  c»tUtt»iitg  fiitr  aljtclt  ISat  umU  m1  **  vtrOU. 
III.  7,  IT6,  K9,  993. 
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of  the  nebttloiit  nmtter  in  the  state  in  which  my  obiermtions  repre* 
seoted  it;  they  seemed  to  be  the  natural  result  of  the  observatioot 
under  consideration,  and  were  not  given  with  a  view  to  establish  a 
systematic  opinion,  such  as  will  admit  of  complete  demonstration. 
The  obseivations  themselves  are  arranged  so  conveniently  that  any 
astroBomerf  chemist,  or  philosopher,  afler  having  considered  my 
critical  reroarkS}  may  form  what  judgment  appears  most  probable 
to  him*  At  all  events,  the  subject  is  of  such  a  nature  as  cannot 
fiul  to  attract  the  notice  of  every  inquisitive  mind  to  a  contempla- 
tion of  the  stupendous  construction  of  the  heavens ;  and  what  I 
have  said  any  at  least  serve  to  throw  some  new  light  upon  the 
organization  of  the  celestial  bodies. 
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POSTSQiUPT. 

It  win  be  m«d  Ikat  io  Ms  pqmr  I  faive  only  eonaMnd  the  ne- 
bulous fNHt  0f  the  comiroclkNi  of  the  haonm,  tnd  btve  takes  « 
ftar  for  tfae  lim't  of  mj  nseardbes.  The  rioh  coHection  of  eUulers 
of  start  eootalaed  in  the  6lh,  7tb,  and  8th  vtessesof  myOaMefnci, 
and  many  of  the  CbnneMranrt  db  Temps,  hate  as  yet  been  left  an- 
notioed.  Several  other  objectiy  in  which  sten  and  nebulosity  aie 
mixed^  sneh  as  nebnlons  stars,  nebalse  containing  storB,  or  suspected 
clusters  of  stars  which  yet  may  be  nebulae,  have  not  been  intro- 
^hieed,  as  they  a|)peared  to  belong  to  the  ndereai  part  of  the  con* 
stmction  of  the  heavens,  into  a  critical  examioation  of  which  it 
was  not  Biy  intention  to  eater  in  this  paper* 

WILUAM  HER&CHEL. 
Sb^ghf  mar  Windtor, 

MmfM,  1811. 

{Herschel,  PhiL  Trans.  1811.1 


CHAP.  viri. 

BECAPITULATION  OF  DR.  HBBSCHBL's  T^BT  INGENIOUS 
AND  IMPOBTANT  OBSEBVATIONS  IN  TUB  PRBCEDINO 
CUAPTBB* 

X^B.  Hbbschbl  supposes  that  the  lunuaons  floid  which  so  often 
appean  in  different  parts  of  the  heavens,  and  throwsstreaks.athwart 
them,  is  not  light  fannaedialoly  ksning  from  stars  too  remote  to  be 
tmead  hiy  tfae  tekaoope,  but  cxisttog  independently  of  stars  qt 
planets,  though  peifaaps  orig^ally  thrown  forth  from  theni. 

It  is  not  nmtler  of  light  aUme^  for  it  is  sametimes  capable  of 
opacity,  though  osuaUy4ttmiDOusj  and  a  aouroe  of  Ught  When  this 
subtle  material  eaists  in  irregular  loose  masses  he  calls  it  a  neifuiQ^ 
j%,  or  lununous  cloud.  Its  lesidenoe  he  Mippos^  to  be  within 
the  range  of  the  remotert  staisb  tbongh  beyond  those  of  the  second 
and  third  magnitudes;  y^  siaubur  diffiisions,  he  conceive^  may  also 
exbt  at  distances  where  they  cannot  be 
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Agreeably  U^tfae  laws  of  gravitation  or  the  centripetal  force*  be 
mippoaes  tbe  different  particles  to  have  a  tendency  of  approaching 
to  each  aMar,  and  that  some  cifciinistances»  nnknown  to  iis»  may 
occaaaoo  a  preponderating  inflaenoe*  uiiially  in  the  centre  of  a 
difibaed  omss,  but  sometimes  in  other  quarters.  Hence,  a  lumi- 
noiis  micleus  will  be  produced  by  the  concentration  that  miift 
necessarily  foUow,  which  will  progressively  attract  and  determine 
the  drcungacent  lominoos  nmtter  to  itself,  and  diminish  tbe  extent 
.  of  the  general  range ;  and  in  this  case  what  was  a  mehuloiihf  will 
become  a  ne&a/a* 

The  nnclei  may  sometimes  be  donUe^  or  triple^  or  still  more 
.  complicated  in  the  same  aebalosity,  and  whenever  this  occurs,  the 
nebulosity  will  be  broken  into  different  nebulse,  or  smaller  lumi* 
nous  clouds;  and  if  some  oi  them  be  much  minuter  than  others, 
they  may  ultirtiately  attend  upon  them  as  satellites  upon  a  planet. 
If  the  nebulse  have  a  hasy  or  superficial  lustre,  he  calls  them  plcme- 
tatyi  if  they  be  uniformly  luminous,  he  denominates  them  stellar. 

Dr.  Herschel  conceives  that  stars^  planets,  and  comets,  may  all 
occasionally  originate  from  such  a  source ;  that  a  rotatory  motion 
roust  ensue  from  the  preponderancy  of  action  of  a  greater  mass  of 
particles  on  one  side  of  the  nucleus  than  on  other  sides :  and  that, 
as  many  of  tliese  particles  are  probably  elastic,  an  apparent  haze 
or  chevelure,  coma  or  hair,  must  often  appear  to  surround  tbe 
nucleus.  When  the  whole  of  the  luminous  circumferent  matter  is 
consolidated  by  gravitation  into  the  nucleus,  the  planetary  nehu!a 
becomes  then  a  real  star ,-  some  of  which  stars,  before  they  become 
perfectly  consolidated,  have  visibly  faint  cheveiures,  or  else  burs, 
or  prickles.  Tbe  nebulous  matter  contained  in  a  cubical  space  seen 
under  an  angle  of  ten  degrees,  will  admit  of  a  condensation  of  two 
trillion  and  two  hundred  and  etglit  thousand  billion  times,  before  it 
can  be  so  consolidated  as  to  constitute  a  globe  of  the  diameter  of 
our  sun. 

The  ground-work  of  these  opinions,  or  the  principles  from  which 
these  results  are  drawn,  will  be  found  at  length  in  the  preceding 
chapter,  and  they  are  too  curious  and  of  too  much  consequence  for 
us  to  diminbb  their  force  by  an  abridgment.  Yet  tbe  younger  and 
the  less  mquishive  among  our  readers,  will  feel  obliged  to  us  for 
presentmg  them,  in  the  chapter  before  us,  with  a  miniature  view  of 
the  general  information  they  contain, 

Editor. 
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CHAP.  IX. 

ACCOUNT  OF  BB.  BBB^CHBL's  PAPBB  ON  THR  CHANGES 
THAT  HAVB  HAPPBNBD  DUBING  THE  LAST  TWBNTT- 
VIVB  TBABSi  IN  THE  BELATITE  StTUATlON  OF 
IKIUBLB  ATAB8;  WiTH  AN  iNVBSTiOATION  Of  THk 
CAUSE  TO  WHICH  THET  ABB  OWING. 

JLIb.  Herschel  devotes  this  paper  principally  to  tbe  consideratloli 
of  tb^  seoood  daas  of  tlie  Sy^t^ms  into  which  he  has  divided  the 
sideital  worfd.  After  cursorily  leihSffcih^,  with  respect  to  tb« 
sokr  system,  is  a  spe^imeh  of  th^  first  cVass,  which^  among  ihc  id- 
sabted  stari,  6otnpiiehetids  the  Sdn,  that  the  affections  of  the 
newly  discoveied  c^kstial  bodws  extend  our  knowledge  of  the  con- 
stmetioti  of  this  insulated  system,  which  Is  best  knowii  to  us;  he 
proceeds  to  sapport,  by  the  evidence  of  observation,  the  opinion 
which  he  has  before  advanced,  of  the  existence  of  binary  sidereal 
combinations,  revolving  round  the  common  centre  of  gravity ; 
Dr.  Herscbel  firrt  coosiden  the  apparent  efllect  of  the  motion  of 
either  of  the  three  bodies  eoncertied,  the  two  stars,  and  the  Sun 
with  its  attendant  pfamets ;  and  then  states  the  arguments  respecting 
tbe  motions  of  a  few  only  out  of  tlie  fifty  double  stars,  of  which 
be  has  ascertained  the  revolutions.  The  first  example  is  Castor,  or 
alpha  Oeminomm :  here  Dr«  Herscbel  si  ops  to  s^ow  how  accu* 
rately  the  apparent  diameter  of  a  star,  viewed  with  a  constant 
magnifying  power,  may  be  assumed  as  a  measure  of  small  angiflat 
dlstinoes;  be  found  that  ten  diferent  mirrors,  of  seven  feet  fecal 
leiigdj,  cilubited  no  perceptible  difference  in  itiis  reqpect.  In  Che 
case  of  tiastor  no  change  of  the  diiktahce  ot  ttie  ^rs  hH  bete  ob- 
served, but  their  angular  situation  lippeari  to  hav^  varied  sdtaiewhat 
more  than  46""  since  it  was  otMServed  by  l^.frmdK^,  in  1759; 
and  they  have  ^n  found  by  i>'r.  Ilenchel,  in  interihediat^  posi« 
tions  ait  mtermediate  tunes*  l>r.  Herscbel  allov^i  that  it  is  barely 
possible  that  a  separate  proper  motio6,  in  each  of  iiie  stari  and  in 
the  Sutt,  may  have  cauied  such  ai  ^h^hgie  m  tbe  rlUitlve  situation, 
but  that  the  probabUity  is  veiy  decidedly  id  fevoUt  of  the  existence 
VOh»  I*  I 
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of  a  revolutioii.  Its  period  mast  be  a  little  more  than  342  ]fear9^ 
and  its  plane  nearij  perpendicular  to  the  direction  o  f  the  Sun. 
The  resolution  of  gamma  Leoois  b  supposed  to  be  in  a  pkine 
considerably  inclined  to  the  line  in  which  we  view  it»  and  to 
be  performed  in  about^  1300  jearb  Both,  these  reyolutioii»  are 
retrograde ;  that  of  epsilon  Bootis  i»  direct,  and  is  supposed  to 
occupy  l6&l  years,  the  orbit  being  in  an  obliqiie  position  with 
respect  to  the  Sun.  In  seta  Herculis,.  Dr.  Hersehel  observed^  in 
1802,  the  appearance  of  an  occultation  of  the  small  star  by  the 
larger  one:  in  1782  he  had  seen  them  separate ;  the  plane  of  the 
revolution  must  therefore  pass  nearly  through  the  Sun ;  and  this  ii 
all  Hiat  can  at  present  be  determined  respecting  it.  The  star9  tf 
delta  Serpentis  appear  to  perform  a  retrograde  revolution  in  about 
375  years:  their  apparent  dbtance  is  invariable,  as  well  as- that  of 
the  two  stars  which  constitute  gamma  Virginisy  the  last  double  star 
which  Dr.  Herschel  mentions  in  this  paper,  and  to  which  he  attri- 
butes a  periodical  revolution  of  about  706  years. 

[Young's  Nai.  Philoiopk.  Vol  IL— /oamofr  of  the  Rmf,al 


CHAP.  X. 

DB.HERSCHEL's  OBSERVATIONS  OF  THE  COMET  OF  THE 
TEAR  1811,  WITH  BBMABKS  ON  THE  CONSTRUCTION 
OF  ITS  DIFFRENET  PARTS. 

X  HE  Comet  which  has  lately  vinted  the  solar  system  has  moved  in 
HB  orbit  very  favourably  situated  for  astronomical  observations* 
I  have  availed  myself  of  this  circumstance,  and  have  examined  all 
the  parts  of  it  with  a  scrutinizing  attention,  by  telescopes  of  everj 
degree  of  requisite  light,  distinctness,  and  power. 

Tlie  observations  I  have  made  have  been  so  numerous,  and  so 
often  repeated,  that  I  shall  only  give  a  selection  of  such  as  were 
made  under  the  most  favourable  circumstances,  and  which  will 
serve  to  ascertain  the  most  interestmg.  particulars  relating  to  the 
construction  of  the  comet. 
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All  my  ftttcntioii  In  tlieie  obseifatioiis  were  evety  iiiglit  directed 
to  as  manj  fNurtkukn  as  could  be  iovestigated,  it  will  be  most  con- 
venient  to  assort  together  those  which  belong  to  the  same  object ; 
and  in  the  following  arrangement  I  shall  begm  with  the  principal 
part,  which  is 

Theptantiary  Botly  in  the  Head  of  the  Comet. 

By  directing  a  telescope  to  that  part  of  the  head  where  with  the 
naked  eye  I  saw  a  luminous  appearance  not  unlike  a  s!ar»  1  found 
that  thb  spot,  which  perhaps  some  astronomers  may  call  a  nucleus* 
was  only  tiie  head  of  the  comet ;  but  that  within  its  densest  light 
there  was  an  extremely  small  bright  pointy  entirely  dbtinct  from  the 
surrounding  glare.  I  exammed  this  point  with  my  20  feet,  laige  10 
leety  common  10  leet^and  also  with  a  7  feet  telescope ;  and  with  every 
one  of  these  instninieuts  I  ascertained  the  reah'ty  of  its  existence. 

At  the  very  first  sight  of  it,  I  judged  it  to  be  much  smaller  than 
the  little  planetary  dbk  in  the  head  of  the  comet  of  the  year  1 807 ; 
bot  as  we  are  well  assured  that  if  any  soHdity  resembUug  that  of 
the  planets  be  contained  in  the  comet,  it  must  be  looked  for  in  (his 
br^ht  point;  I  have  called  it  the  planetary  body ;  in  order  to  dis< 
tinguish  it  from  what  to  the  naked  eye  or  in  small  telescopes  ap- 
peared to  be  a  nucleus,  but  which  in  fact  was  this  little  body  with 
Its  surrounding  light  or  head  seen  together  as  one  object. 

With  a  new  10  feet  mirror  of  extraordinary  dtstinctness«  I  ex- 
ammed the  bright  point  every  fine  evening,  and  found  that  although 
its  contour  was  certamly  not  otherwise  than  round,  I  could  but 
very  seldom  perceive  it  definedly  to  be  so. 

As  hitherto  I  had  only  used  moderate  magnifiers  from  100  to 
l60,  because  they  gave  a  considerable  brightness  to  the  point,  it 
oecnrred  to  me  that  higher  powers  might  be  required  to  merease 
its  appaieut  magnitude;  accordin^y  the  19th  of  October,  havmg 
prepared  magnifiers  of  169>  240,  300,  400,  and  600^  1  viewed  the 
bright  point  successively  with  these  powers. 

With  l6g  it  appeared  to  be  about  the  size  of  a  globule  which  in 
the  morning  I  had  seen  m  the  same  telescope  and  with  the  same 
magnifier,  and  which  by  geometrical  calculation  subtended  an 
angle  of  1^39. 

I  suspected  that  this  apparent  size  of  the  bright  pomt  was  only 
soch  as  wOl  spuriously  arise  from  every  small  star-like  appearance; 

I  3 


tid  OBSCJtTaunfllWI  OP  THE  OOMIT  •!  lAll^ 

and  tfaU  ««•  fiiHj  cahfinscd  what  1  Cxaaiaed  k  wttb  SW ;  forb? 
tUi  tt>  BHgnitiuk  WM  not  isneaMd ;  wkich  not  oalj  ptofcd  thai 
ay  ptmew  «m  not  raOcient  t*  Mxcb.  tl«  Mii  cliann(«r  o(  Uw  «b< 
>ct,  bat  thM  th«  li^t  of  thw  pmnt  wa%  like  that  of  umU  Mn, 
aufficieiitly  intmie  to  bear  beiog  niach  inapii6ecl. 

I  TKwed  it  next  with  300,  and  here  again  I  could  percdvr  no  in* 
ereaie  of  size. 

IVbcit  1  exuHiiaed  the  point  with  iOO,  it  appeared  to  me  lonie- 
what  larger  than  with  300;  I  saw  it  indetid  father  better  than  witb 
a  loner  power,  and  had  reason  to  believe  that  it*  real  diameter  was 
DOW  within  reach  of  mjr  magnifien.  Giirioaity  iaduced  loe  to  view 
it  in  the  7  feet  telescope  with  a  power  of  460 ;  and  notwithstanding 
Hie  iafcrior  quuniily  of  light  of  this  iastmineDt;  the  magnitude  was 
fully  stiSideiit  to  show  that  the  increase  of  size  in  tbb  telescope 
agreed  with  that  in  the  10  feet. 

Betnniing  again  to  the  latter  I  examined  the  bright  point  with 
600,  and  saw  it  now  so  mnch  better  than  with  400,  that  I  could 
keep  itsteadify  inugbt  while  it  passed  Uie  field  of  view  of  the  eye- 

gi.». 

With  thb  power  I  compared  its  appearance  to  the  size  of  serersi 
globules,  that  have  been  exsmnied  with  the  same  telescope  and 
magnifier,  and  by  estimation  I  judged  it  to  be  visibly  smaller  than 
oiieof  l",O0in  diameter,  and  rather  larger  than  another  of  0",68. 

It  should  be  noticed  that  I  viewed  the  globules,  wfakh  were  of 
sealmg-wax,  witliolit  sonshine,  in  the  momii^  after  the  ohaervatiea 
as  wcH  as  the  rooming  before;  referriog  in  one  case  the  bright 
point  to  the  globules,  and  in  the  other  the  globules  to  the  bright 
point*. 


-nvrn  9«iia9««  qv  trt  caniTEiTCTtoif •       l  If 

«artb,  at  the  time  of  obterritiM,  was  iietrly  1 14  millions  of  miles  ; 
from  which  it  follows  thai  the  bright  point,  «r  what  we  maj  admit 
to  be  the  solid  or  ptanetarjr  bodj  of  the  comely  is  about  438  miles 
io  diameter. 

The  Eccentricity  and  Colour  of  thepl€metaiy  Body. 

The  xituation  of  the  br^ht  point  was  not  in  the  middle  of  the 
ht9id,  but  was  more  or  iess  eccentric  at  different  times. 

The  i&h  of  October  that  part  of  the  head  which  was  towards 
the  sun,  was  a  little  brighter  and  broader  than  that  towards  the  tail* 
80  that  the  planetary  disk  or  point  was  a  little  eccentric. 

The  17th  I  found  its  sitnation  to  be  a  little  beyond  the  centra 
reckonmg  the  distance  in  the  direction  of  a  Jioe  drawn  from  the 
ano  through  the  centre  of  the  head* 

The  4th  of  November  it  was  more  ecoentric  than  I  haderer  seen 
it  before. 

Nov.  10»  1  found  no  alteration  in  the  eccentricity  rince  the  laat 
observation. 

The  colour  of  the  planetary  disk  was  of  a  pale  ruddy  tint*  IBue 
that  iOf  fttdi  equally  amall  stan  as  are  inclined  to  red. 

The  Ittwmnation  of  the  planetary  Botfy. 

The  smallneti  of  the  disl^  even  when  most  magnifiedy  rendered 
any  determmation  of  ila  shape  procarious;  however  had  it  been 
otherwise  than  round,  it  might  probably  have  been  perceived ;  the 
phasb  of  itsfflnmination  at  the  time  of  observation  befaig  to  a  full 
diskasl^toS. 

FrMB  this  as  well  as  from  the  high  magni^ripg  power,  which  a 
pmnt  so  faint  conld  not  have  boroe  with  advantage,  had  k  shone 
by  leiected  light,  we  may  infer  tbait  it  was  visible  by  raya  emitted 
firom  its  own  body  \ 


•  On  the  Mriject  of  the  nature  of  the  Kght  by  which  we  fee  this  comet,  I  may 
refe  to  what  hai  been  laM  in  mj  paper  of  obierfatlont  on  Ihat  of  the  year 
1007 .  Tboie  who  wiih  also  to  comolt  the  opinion  of  an  eminent  philosopher, 
whoM  valaahie  worht  eo  iieteorolo^{lcal  Mi{feeti  are  welt  ka«»wn,  wHI  find  it 
expremed  at  lai^e  in  a  letter  fkiom  Mr.  De  Lac,  addremei  Ce  W*  Bade,  to  fhr 
baclL  as  the  year  17Q0>  and  reprinted  in  Mr,  NicholMMi*i  Jettmal«  pnUidlcd 
the  lit  of  Hardi  1809. 
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118  OBBBlTATIOirs  OF  THB  COMBT  Of  1811/ 

t 

The  Head  rf  the  Ccmei. 

It  has  a1read]f  been  tiotioed  that  the  brightest  part  of  the  comet 
Kcn  by  the  naked  eye,  appeared  to  contahi  a  small  star-like  dii- 
ckuf.  When  this  was  viewed  in  a  night-glass,  or  finder,  magnKying 
only  6  or  8  times,  it  might  still  have  been  mistaken  for  onej  but 
when  I  applied  a  higher  power,  such  as  from  60  to  120,  it  retained 
DO  longer  this  dccefitive  appearance ;  which  evidently  arises  from  an 
accumulation  of  light,  condensed  into  the  small  compass  of  a 
few  minutes ;  and  which  of  course  will  vanish  when  diluted  by 
magnifying. 

Sept«  2, 1  saw  the  comet  at  Glasgow,  In  a  14  feet  Newtonian  re* 
flector ;  but  being  vety  low,  the  moon  np^  and  the  atmoq>here  hazy, 
it  appeared  only  like  a  very  brilliant  nebula,  gradually  br^hter  in  a 
large  place  about  the  middle* 

The  9th  and  10th  of  September  at  Alnwick,  I  viewed  it  with  a 
fine  achromatic  telescope,  and  found  that,  when  magnified  about  65 
times,  the  planetary  disk-like  appearance  seen  with  the  naked  eye, 
was  transformed  into  a  bright  cometic  nebula,  in  which,  with  thb 
power,  no  nuclens  eonld  be  percrived. 

The  letli  of  September  the  star-like  object  in  my  large  10  feet 
reflector,  when  magnified  110  times,  had  the  appearance  of  a  fine 
globular  luminous  nebula ;  it  seemed  to  be  about  5  or  6  minutes  in 
diameter,  of  which  one  or  two  minutes  about  the  centre  were  nearly 
of  equal  brightness.  The  small  10  feet  showed  it  in  the  same 
manner. 

In  all  my  instmments  this  bright  appearance  was  equally  trans- 
formed into  a  brilliant  head  of  the  comet,  with  this  difference,  that 
when  high  powers  were  applied,  the  central  illumination  which,  mo- 
derately  magnified,  was  pretty  uniform,  became  diluted  into  a 
gradual  decrease  from  the  middle  towards  the  outside ;  losing  itself 
by  imperceptible  degrees,  especially  towards  the  sides  and  followmg 
parts,  into  a  darkish  space,  which,  from  observations  that  will  be 
given  here^er>  I  take  to  be  a  cometic  atmosphere. 

The  Colour  and  Ecantridfy  qfthg  Light  of  the  Head. 
The  colour  of  the  head  being  vety  remaricable,  I  examined  it  with 
all  my  different  telescopes ;  and  in  every  one  of  them,  its  light  ap- 
peared to  be  greenish,  or  bluish  green.    Its  appearance  was  cer- 
tainly  very  pecnliar. 


yftfn  itfi^^fllii  oir  M  td^inktb^HM.       rl» 


The  dbpositioo  of  the  li^t  of  the  liead  wm  IflEewise  accompaiiled 
^k  aome  renuurfaible  cMcmnstattea ;  fMrnotwitlistaiidiDg  %.  geoerml 
accnmalatkMi  abou|  the  middle^  there  leemed  to  be  a  greater  share 
of  it  towards  the  ran,  than  a  portion  in  that  situation  of  the  cir* 
coinference  was  entitled  <o,  had  it  been  vnifonaly  arranged;  and 
if  "we  look  upon  the  bead  as  a  cobm  to  the  ptanelary  point,  the 
ecoentrktty  of  its  l%fat  will  be  stiH  more  evident ;  jfor  thu  point  was  * 
constantly  more  or  less  ikrthei;  from  the  son  than  the  middle  of  the 
greatest  brightness  of  the  light  surrounding  it.  The  eccentricity  of 
the  head  was  indeed  so  considerable,  that  considering  iht  difficulty 
of  sedng  the  point,  it  might  easily  have  escaped  the  notice  of  4>ne 
who  looked  for  it  m  the  centre  of  the  head. 

I%e  apparent  and  real  Magnitudes  of  the  Head. 

With  an  intention  to  ascertam  the  dimensions  of  the  various  parti 
of  the  comet,  I  viewed  the  bead  in  the  7, 10,  and  20  ieet  telescopes^ 
and  estimated  its  siie  by  the  proportion  it  bore  to  the  known  fields 
of  the  eye-glasses  that  were  used.  1  shall  only  mention  ^o  estima- 
tions:  September  29,  the  10  feet  gave  its  apparent  dwmeter  3'  if. 
With  the  20  feet,  Oct.  6,  it  was  Z'  45^. 

From  a  calculation  of  the  ao  feet  measuise,  wbich  I  prefer,  it 
9fffiBen  that  the  real  diameter  of  the  head  at  this  time  was  about 
]  27  thousand  miles. 

A  tramparent  and  dastic  Atmosphere  about  the  Head, 

In  every  mstrument  through  which  I  baye  examined  the  comet, 
I  percehred  a  eompavatively  veryfiuat  or  rather  darkisk  interval 
•urronndmg  the  head,  whetcin  the  gradually  diminkhiog  light  of 
the  central  brightness  was  lost.  This  can  oidy  be  accponted  for  by 
idmittMHia  tnnspareat  elastic  atmosphere  to  emrel^p  the  head  of 
tlie^omet., .       ,  >,  *^ 

Its  transparency  I  had  an  opportunity  of  aacertaininig  the  18th 
of  September,  when  I  saw  three  very  small  stars  of  di&rent  mag- 
nitudes within  the  compass  of  it ;  and  its  elasticity  may  be  inferred 
from  the  drcular  form  under  which  it  was  always  seen.  For  being 
surrounded  by  a  certain  bright  equi-distant  envelop^  we  can  only 
account  for  the  equality  of  the  dbtaoee  by  admitting  the  interval 
between  the  envek^  and  the  head  of  the  comet  to  be  filled  with  an 
elastic  atmospherical  fluid. 
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lep  OflBl^TATIQirf  OW  TH«  COHET  Of  1811, 

The  Extent  (fthe  cametk  Atmotfk^^ 
Wbcfi  I  tmniotd  the  coinel  fai  the  SO  fe«t  tektcope  tbe  fith  of 
October*  the  drpoliff  darkiih  fpece^  which  tttrnmndrd  the  lurighl- 
wu^yuX  filled  the  field  of  the  ej^e-ghiai;  wbici  gives  its  anMueot 
diameter  15  mbutes.  This  atmosphere  was  therefore  more  than 
W7  thoiuaud  miles  in  diameter;  but  its  real  extent  of  which,  at 
'  will  be  seen,  we  can  hate  no  obaervatioii,  must  far  exceed  the 
ilbove  calddated  dunensions* 

7^  bright  Envdoge  of  the  cwnetic  Atmosphere. 

When  1  observed  the  comet  at  Alnwick  in  an  afiiromatic  refractor 
with  a  magnifying  power  of  05.  I  perceived  tbet  the  he^  of  it 
was  partly  surrounded  by  a  tram  of  light,  which  was  kept  at  some 
cousiderabfe  dislaoce  bj  an  interval  of  comparative  darkness ;  and 
from  its  concentric  figure  I  call  this  l%ht  an  envelope. 

The  Figure,  Cobarr,  and  Magmtude  of  the  Envelope. 

On  viewfiig  thb  envdope  m  telescopes  that  magnify  no  more  than 
about  l6  times,  or  in  finders  and  night-glasses  with  still  lower 
powers,  I  found  that  its  shape,  as  far  as  it  extended,  was  apparently 
chrcular ;  but  that  in  its  comae  it  did  not  reach  quite  half  wa3f  round 
the  head  of  the  comet.  A  little  l>efi>re  it  came  so  fiir  it  divided 
itself  into  two  streams,  one  passing  by  each  side  of  the  head. 

The  colour  of  the  envelop  in  mj  7,  10,  and  20  feet  telescopes 
had  a  strong  yelbwish  cast,  and  formed  a  strikuig  contrast  with  the 
greenish  tint  of  the  head. 

The  dbtance  of  the  outside  of  the  envelope  fi'om  the  centre  of 
the  bead,  m  the  direction  of  a  line  drawn  from  it  to  the  sun  was 
about  ^  30^ ;  and  supposmg  it  to  have  extended  sideways,  without 
increase  oi  distance  as  fiir  as  a  semi-circle,  this  wouM  give  its  dia* 
meter  about  19  minutes.  By  computation  therefore  its  real  diame* 
ter  must  have  exceeded  643  thousand  miles. 

The  TqU  of  the  Comet. 
The  most  brilliant  phenomenon  that  accompanies  a  comet  is  the 
stream  of  light  which  we  call  the  tail.  Its  length  is  well  known  to 
be  variable ;  Jnit  the  measures  or  estimations  of  its  extent  cannot 
be  expected  to  be  very  consistent  firom  several  causes  foreign  to  itft 
actual  change* 


WITH  tm  AMI  ajf  ir«  ^pji^tpptiqii*.      Hi 

and  the  atmosphere  haxy,  I  could  perceife  no  tail. 

The  pibj  il  hid  ti  wry  compiqippy  «iei  tb^M  O^r  lOdtgivep  in 
leogtlu 

On  the  181h»  the  kngtb  wap  J 1  or  }9  drglVfei^ 

The  6tb  of  October  jt  was  25  degrees. 

The  12th  I  estiBUted  it  to  be  only  \7  degiett  Ipilg* 

The  1 4th  it  appearec{  to  extend  to  i7i  degrees. 

The  1 5  th,  by  ?ery  a|r?fui  attention,  and  in  a  very  dear  atnio« 
^here^  I  found  the  tail  to  cover  a  space  of  23|i  degrees  in  length* 

The  greaicsf  rwl  Jjengih  of  the  TaH. 

Of  the  two  obserfatipns  which  were  made  of  the  gveateat  km/fk 
of  the  tail  of  the  comeft  I  prefer  thai  of  the  14th  of  Odobo',  on 
account  of  the  ekamess  of  Ibepight. 

The  apparent  length  being  Sd^  degrees,  its  real  aittnt,  taking 
into  the  oabeulatioii  the  oblique  position  in  whicb  we  saw  ity  wmibI 
have  been  upwards  of  100  mUVions  of  miles. 

Tie  Bmdth  of  the  Taii. 

Tlie  variations  in  tbe  breadth  of  the  tail  will  hardly  admit  of  any 
description ;  the  scatteM  light  of  the  sides  •beiag  generally  lost 
by  its  fiihitnesa  in  such  a  manner  as  to  render  its  temunation  vary 
dMbtfaU 

The  1^  of  October  its  bieadth  in  the  bi>oade6t  part  was  6f  de« 
greesy  and  about  5  or  6  degrees  from  the  head  it  began  to  be  a  little 
contiacted. 

Tbe  1  Jth,  i|  was  nearly  of  the  same  breadth  about  the  middle  of 
its  length. 

By  cafeulaliuf  from  tbe  obeenwtieii  of  tbe  lUtb/we  find  that  the 
realbieadtbof  the  tail  OB  that  day  was  nearly  1 5  millions  of  miles. 

The  CufvaiMn  of  the  Tail. 
The  shape  of  the  tail  with  respect  to  its  curvature  Is  generally 
considered  owly  as  it  rektes  to  the  direction  of  the  motion  of  the 
comet ;  it  n  neverthelem  subject  to  variations  arishig  from  causes 
that  will  be  Boiieed  m  the  next  article,  but  which  are  not  taken  into 
the  account  of  the  following  observations. 


"  ■  7'      . . 


IM  OBStftTATIOKB  OV  THB  COMET  OF  1811, 

Tbe  gth  and  lOth  of  September  the  cnrvatnre  of  the  tail  was  veiy 
considerable. 

The  IBth,  I  remarked,  that  towards  the  end  of  the  tail  its  cnrva-  * 
tare  had  the  appearance  as  if,  with  respect  to  the  motion  of  the 
comet,  that  part  of  the  tail  were  left  a  little  behhid  the  head. 

The  17th  of  October  the  tail  appeared  to  be  more  curved  than 
it  had  been  at  any  time  before. 

Dect  2,  the  fleinre  of  the  curvatore  of  the  tail,  contrary  to  its 
former  durection«  was  convex  on  the  followmg  side.  ^ 

The  general  Appearance  of  the  Tail. 

On  aeconnt  of  the  |^t  length  and  breadth  of  the  Uil  of  the 
oomet,  a  mght-gbss  with  a  large  field  of  view  is  the  most  proper 
iostmmeot  for  examioinx  its  appearance.  Mine  takes  in  4"*  4\\ 

hj  viewing  the  comet  with  this  glass  I  found  the  tail  to  be  in* 
closed  at  the  sides  by  the  two  streams  which  I  have  described  as  the 
continuatioa  of  the  bright  arch,  or  envelope  surrounding  the  head* 

Sept  18,  I  observed  thai  the  two  streams  or  branches  arising 
from  the  sides  of  the  head,  scattered  a  considerable  portion  of  tlieir 
light  as  they  proceeded  toivards  the  end  of  the  tail,  and  were  at  last 
so  much  diluted  that  the  whole  of  the  ftrthest  part  of  the  tail  con- 
tained only  a  scattered  light. 

Oct  12.  I  remarked  that  the  two^  streams  remained  sufficiently 
condensed  in  their  diverging  course  to  be  dbtioguished  for  a  length 
of  about  six  degrees,  after  which  their  scattered  light  began  to  be 
pretty  equally  spread  over  the  tail. 

Oct  15.  The  preceding  branch  of  the  tail  was  7^  1'  in  length. 
The  following  was  only  4^  4l';  which  caused  the  appearance  of  an 
irregular  curvature. 

Nov.  3.  The  two  branches  were  nearly  of  an  equal  length. 

Nov.  5.  The  length  of  the  precedmg  stream  was  5""  l& ;  that  of 
the  following  about  4*"  41^ 

Nov.  9.  The  two  branches  might  still  be  seen  to  extend  full  4 
degrees^  but  their  light  was  much  scattered. 

Nov.  la  The  preceding  branch  was  b""  i&  long:  the  following 
one  only  3**  31';  the  preceding  one  was  also  foller  and  broader. 

In  the  course  of  these  observations  I  attended  also  to  the  appear* 
ance  of  the  nebulosity  of  the  tail. 


triTB  MBHABKS  OK  1T8  COITSTBUCTIOK.  1£9 

Sept  18.  The  appenance  of  tbe  nebokMity,  ezanioed  with  a  10 
ieet  reflector^  petfectly  resembled  the  milky  neboloMty  of  the  lie* 
bula  in  the  constellatton  of  OrioD»  in  pUces  wheie  the  brightne» 
of  tiie  one  was  equal  to  that  of  the  other. 

I^ov.  9«  The  tail  of  the  comet  being  very  near  the  milky-way^  the 
appearanee  of  the  one  compared  to  that  of  the  other,  in  places 
where  no  stars  can  be  seen  in  the  milky*way,  was  perfectly  alike. 

The  Return  of  the  Comet  to  the  Nebulous  Appearance. 

From  the  observations  of  the  decreasing  length  of  the  tail,  the 
diminution  of  brightness  and  increased  scattering  of  the  streams^ 
and  from  the  gradually  fainter  appearance  of  the  transparent  at- 
mosphere,  brotight  oo  by  the  contraction  and  more  scattered  coa- 
dition  of  the  envelope^  I  had  reason  to  suppose  that  all  the  still 
wible  cometic  phaenomena  of  planetary  body,  head,  atmosphere 
envelope,  and  tail,  would  soon  be  reduced  to  the  semblance  of  a 
eommoa  gldbnlar  nebula;  not  from  the  increase  of  tiie  cUstance  of 
the  comet,  which  could  only  occasion  an  alteration  in  the  apparent 
magnitude  of  the  several  parts,  but  by  the  actual  physical  changes 
which  I  observed  in  the  construction  of  the  comet 

The  gradual  vanishing  of  the  Planetary  Body* 

Nov.  4w  lO-feet  reflector.  I  saw  the  planetary  dbk  with  289« 
It  was  rather  more  eccentric  than  usual. 

Nov.  g.  I  saw  it  imperfectly  with  16^.  It  was  more  visible  with 
140;  but  the  nebulosity  of  the  envelope  overpowered  its  light 
already  so  much  that  no  good  observations  could  he  made  of  it. 

Nov.  JO.  Large  10-feet.  I  had  a  gUmpse  of  the  disk  and  its 
eccentricity. 

Nov.  I'i.  I  tried  all  magnifiers*  but  could  no  longer  perceive  the 
planelary  body. 

The  Disappearance  of  the  Transparent  Part  of  the  Atmospliere 
under  the  Cover  of  the  scattered  Light  of  the  contracted 
Envelope. 

Nov.  4.  In  the  night-ghiss,  that  part  of  the  atmosphere  which 
fised  to  separate  the  envelope  from  the  head,  could  no  longer  be 
A^sthiguished. 

Ju  the  ten«feet  reflectoo  with  a  large  double  eye-glass,  I  found 
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Ike  mMhp  dmtm  neiffer  to  tht  bead,  ila  anini  dbtaooe  at  the 
vaUes  befaig  law'tlMUi  7'  l(f;  and  tbe  atniMphere  wiia  almoit  »• 
folaad  ia  the  tcatlerad  hadiieis  of  IIm  itataau. 

Not.  5.  The  envelope  wm  ilill  diMugagod  ftom  tha  head,  bot 
■Midi  Mattarad  light  had  nearly  eAead  the  coaaetic  atmosphara  on 
tiie  flida  towafds  tha  sun. 

Not.  §.  Tha  ftmoephare  was  ncariy  covered  by  the  approxinMr 
tion,  or  scattering  light,  of  the  envelope.  Its  vertical  distance  was 
5' 45^. 

Nov.  to.  The  aavriopa  eonU  oakj  be  diatiagoiBbed  from  the 
bead  hy  a  mall  BPOHhihig  daiUsh  space,  ia  which  the  atmospheia 
nigbl  still  be  saaa.    Tha  vattical  dhtanca  of  tha  envelope  mm 

Nov.  13.  The  atasoiphepa  was  ahnost  educed  by  scattered  light 
towafds  the  sua,  but  on  the  opposite  side  it  was  darker,  or  rather 
aM>pe  tfaaspaiaot 

Nov.  I4»  I0«  and  14.  Tha  ataMspheve  was  gradaally  oiore  cover* 
adia« 

Nov.  19.  I  fbiiod  in  Ifaa  I0*feat  telescope,  tha  envelope  so  broad 
and  scattered  as  lo  leave  no  room  for  seeing  the  atmosphere  1  and 
the  comet  seemed  to  be  last  returning  to  the  mere  appearance  of  a 
nebula. 

Nov.  fi4.  The  envelope  was  tamed  iota  haainess;  and  on  the  side 
towards  the  sun,  the  comet  had  alacady  the  appcamnce  of  a  glo* 
buhur  nebula,  with  a  fiant  haay  border. 

Dec.  2.  The  baabess  of  the  border  was  of  a  different  colour 
from  the  light  of  tha  head,  which  preserved  its  former  greemsh 
appeannee. 

Dec.  9.  The  envelope,  which  had  been  turned  into  a  haiy  border 
of  light,  in  which  slate  I  saw  it  ^gain  the  5tli,  was  very  unexpect- 
edly renewed.  It  was  however  very  narrow  and  much  fainter  than 
it  used  to  be.  By  four  measures  I  found  its  distance  from  the 
centre  of  the  head  to  be  about  4|>  minutes. 

Dec  14.  The  narrow  fahit  envelope  of  the  9th  existed  no  longer. 

If  the  scattered  light  near  the  head  should  not  be  raised  again, 
all  observations  of  the  atmoephere  must  be  at  an  end ;  for  the  space 
beyond  this  light  being  equally  clear,  we  have  nothing  leil  to  point 
out  any  extent  that  might  be  supposed  to  contain  a  transparent 
elastic  HvM,  notwithstanding  it  should  remain  m  its  former  situation. 
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UncommM  jfypearmien  in  the  DistohKam  df  the  Emvelcpe. 

Not.  4.  lO-feet  The  cwpdope  wis  daoUettnnndsthe  son,  and 
dWMed  Itself  at  each  Me  farto  three  itieaiiis;  the  outside  ones 
beiag  wtij  fiutiti  and  of  no  i^reat  length. 

Not.  5.  Oa  the  fareeedirig  tide  the  earelopfe  was  very  fafaitly 
accompanied  by  an  outer  one,  but  not  on  the  following  side. 

Nov.  13.  On  the  following  side  the  envelope  divef^  into  three 
ftreanufy  the  two  ontside  ones  being  very  faint  and  nirrow:  but  on 
the  preceding  side  there  was  but  one  additional  straimlet»  which 
was  at  the  distance  of  the  outermost  one  of  the  opposite  nde. 

Nov.  14k  On  the  precediiig  side  there  was  a  very  iamt  outward 
streaa,  and  on  the  following  side  there  was  a  still  fainter  and 
shorter  stream^  also  on  the  outside. 

Dec  14.  There  was  only  one  short  and  f^int  outside  stream  at 
Ae  preceding  side. 

Uficofimiofi  Fanattons  in  the  Length  tftht  Sireatiu, 

It  has  already  been  mentioned,  that  the  streams  or  branches 

were  sulyect  to  a  connderable  difference  in  their  respective  lengths; 

in  order  if  possible  to  discover  the  cause  of  the  ^observed  cha^gei^ 

1  contmued  my  observations  of  them. 
Oct.  15,  and  Nov.  5  and  lO^  the  preceding  branch  was  the 

longest* 
The  3d  and  9th  of  Nov.  the  branches  were  of  equal  lei^. 
The  l3th>  the  following  was  4'^  &  long,  the  preceding  only  3^  31' 
T^r  14th.  They  were  both  of  the  equal  length  of  about  3*  31^ 
The  13th.. The  piecedmg  branch  was  3""  13'  loogp  the  ibllowiog 

The  l6th.  The  preceding  was  3"  13'  long,  the  fbUowmg  3*  43". 

The  19th.  The  bianchet  were  equals  and  abont  4^  23'  long. 

Dec.  3.  The  branches  were  nearl^f  equal,  and  about  3^  IQf  long  2 
they  joined  more  to  the  sides  than  the  vertex,  and  had  lost  their 
fonder  vivid  appearance;  their  eolonr  bemg  chaslged  inf»  that  of 
scattered  lighL 

The  9th  and  14th.  The  branches  were  already  so  much  scattered 
that  observations  of  them  could  no  longer  he  made  with  any 
accuracy. 
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Jllieraiiom  in  the  Angle  rf  the  Direcii<m  of  the  Envelope^ 

Nov.  4.  10  feet  reflector.  Large  double  eye-glatt.  The  stictftf 
departed  from  tkeir  source  in  a  greater  angle  of  divergence.  Thb 
probably  arose  from  ft  contraction  of  the  envelope  towards  the  mxBp 
but  not  about  the  root  of  the  streams^  where  it  remained  extended 
as  before. 

Nov.  13.  p-feet.  The  angle  of  the  bending  of  the  envelope  at 
its  vertex  was  considerably  enlarged.  In  the  night-glass  the  divei^ 
gence  of  the  streams  themselves  was  certainly  not  increased. 

Nov.  24.  10-feet.  The  divergence  of  the  light,  which  may  still 
be  called  the  envelope,  although  no  longer  to  be  distinguished^m 
the  head,  was  from  6o  to  65  degrees ;  but  in  the  night-glass,  the 
branches  which  were  hardly  to  be  seen  were  closer  together  than 
formerly. 

The  additional  faint  duplicates  of  the  envelope,  Nov.  4,  5,  13, 
and  14,  always  departed  from  the  vertex  in  an  angle  considerably 
greater  than  the  permanent  interior  streams. 

TAe  Shortenif^  of  the  Tail. 

The  5th  of  November,  the  air  being  very  clear>  I  found,  when 
attending  to  the  tail  of  the  comet,  that  its  length  was  much  redu- 
ced ;  its  utmost  extent  not  exceedmg  ]3|  degrees. 

The  9th,  it  was  10  degrees  long. 

The  15th.  In  the  uight*glas8  the  tail  was  much  shortened. 

The  l6th.  With  the  naked  eye  the  tail  was  nearly  7|  degrees 
long. 

The  19th.  Its  length  was  about  €P  l(f.  ^ 

Dec.  2.  The  tail  was  hardly  5  degrees  long,  and  of  a  very  feeble 
light. 

Tlie  9th,  the  length  of  the  tail  was  not  materially  altered. 

The  14th,  it  still  remained  as  before,  but  the  end  of  it  was  much 
fainter. 

Increasing  Darkness  between  the  Streams  that  inclose  the  TaH* 

The  4th  of  November,  the  darkness  near  the  head  on  the  side 
from  the  sun  was  grown  more  conspicuous,  and  much  less  filled  up 
with  scattered  light. 

The  5th,  the  darkness  of  the  atmosphere  on  the  side  xipposHe 
the  Sim  was  stronger  than  on  the  sun  side. 
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Tb€  10th.  A  cooiklenible  darkncst  prerailed  between  the  two 
bnuiches  of  the  tail. 

The  14tb.  la  the  tail,  dose  to  the  head,  theie  was  a  large  spaee 
almost  free  from  scattered  light ;  where  the  small  slan  of  the 
milky-way  are  as  bright  as  if  nothing  had  intercepted  their  light. 

The  l6th.  The  space  between  the  streams  was  of  a  considerable 
darkness. 

The  19th.  10- feet  reflector.  The  darkness  between  the  streams 
was  increased. 

Dec.  9.  The  space  close  to  the  head  on  the  side  from  the  sub 
was  quite  dark,  or  rather  transparent. 

The  I4th.  Many  small  stars  of  the  milky-way  were  in  the  dark 
interval  of  the  tail  close  to  the  head  of  the  comet. 

Of  the  real  Construction  of  the  Comet,  and  its  various  parts. 

Hitherto  I  have  only  related  the  appearances  of  the  several  parts 
of  the  comet»  in  order  to  determine  their  linear  extent;  but  the 
observations  which  are  now  before  us,  contain  facts  that  will  allow 
me  also  to  ascertain  the  construction  of  the  comet  and  its  various 
parts  in  their  solid  dimensions. 

From  the  laws  of  gravitation  we  might  be  allowed  to  coudude 
that  the  planetary  body  containing  the  solid  matter  of  the  comet 
must  be  spherical ;  but  actual  observation  will  furnish  a  more  sub- 
stantial argument ;  for  in  no  part  oi  the  long,  geocentric  path  de* 
scribed  by  the  comet,  did  I  see  its  little  disk  otherwise  than  round ; 
whereas  it  would  not  have  preserved  this  appearance,  if  its  con* 
stniction  were  not  spherical. 

If  what  has  been  said  in  my  last  paper,  when  treating  of  round 
nebulae,  be  remembered,  the  head  of  the  present  comet,  which  by 
observation  appeared  round  like  a  nebula,  cannot  be  supposed  to  be 
of  any  other  than  a  spherical  construction.  With  my  collection  of 
round  nebulae  the  arguments,  however^  which  proved  their  globular 
form,  rested  only>  though  very  soundly,  upon  the  doctrine  of 
chances,  and  the  known  eflecti  of  gravitation ;  but  here,  on  the 
contrary,  while  nebulae  remain  in  their  places,  the  geocentric  posi- 
tion of  the  head  of  the  comet  has  undergone  a  change  amounting 
to  a  whole  quadrant;  in  all  which  time  I  have  observed  it  to  Fetaia 
its  roundness  without  any  visible  alteration ;  from  which  it  uecea> 
sarily  follows  that  its  form  is  globular. 
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Whk  regard  td  its  trUnspareirt  cometk  atmospb^re,  w^  bate  not 
only  the  constant  observations  of  its  roundness^  ifittirig  the  aboiri^ 
mentioned  kjilg  period  of  the  comet's  motion,  to  prdve  it  (o  be 
spherical ;  but  in  addition  to  this,  I  have  already  riiowti  ihH  it  h 
of  an  elastic  nature,  for  which  reason  alone,  had  We  no  otKtf^  its 
globular  figure  could  not  be  doubted. 

A  most  singular  circumstance,  which  however  must  certainly  ht 
adniittedf  u,  that  tlie  constant  appearance  of  the  bright  envelop, 
with  its  two  opposite  diverging  branches,  can  arise  from  no  other 
figure  than  that  of  an  inverted  hollow  cone,  terminating  at  iit  ^ftex 
in  an  equally  hollow  cap,  of  nearly  a  hetnispherical  constftiction ; 
nor  can  the  sides  or  4aps  of  this  bdlow  cone  be  of  any  considerable 
thickness. 

The  proof  of  this  assigned  construction  is,  that  the  bright  enve- 
lop has  constantly  been  seen  in  my  observation  as  being  every 
where  nearly  ecjuidistant  from  the  transparent  atmosphere ;  now  if 
that  part  of  it  which  in  a  semi-circular  form  surfoundr  the  comet, 
on  the  side  exposed  to  the  sun,  were  not  hemispherical,  but  bad 
the  shape  of  a  eertaiin  portion  of  a  rmg,  like  that  which  we  see 
about  the  planet  Saturn,  it  must  have  been  gradually  transformed 
from  the  appearance  of  a  semi-circle  into  that  of  a  straight  line, 
during  the  time  that  we  have  seen  it  in  all  the  various  aspects  pre- 
sented  to  us  by  a  geocentric  motion  of  the  comet,  amounting  to  gO 
degrees* 

That  this  hemispherical  cap  is  coiAparativcly  thin,  is  proved  from 
the  darkness  and  transparency  of  that  ptf rt  of  the  atmosphere  which 
it  covers ;  for  had  the  curtain  of  light,  wliich  was  drawn  over  i^, 
been  of  any  great  thickness,  the  scattered  rays  of  its  lustre  would 
have  taken  away  tli^  appearance  of  this  darkness ;  no^  would  the 
atmosphere  have  remained  sufficiently  transparent  for  us  to  M 
extremely  small  stars  through  it. 

It  remains  now  only  to  account  for  the  semi-circular  appearance 
of  the  bright  envelop;  but  this,  it  will  be  seen,  is  the  immedhtfe 
consequence  of  the  great  depth  of  light  near  the  circumference, 
contrasted  with  its  comparative  thmness  towards  the  centre.  The 
6th  of  October,  for  instance,  the  radius  of  the  envelop  was  9^  S(f 
OB  the  outside,  and  f  S(/'  on  the  inside ;  and  as  the  greatest  bright* 
nesB  was  rather  nearer  to  the  outside,  we  may  suppose  its  radius  td 
have  been  about  8|\    Then  if  we  compute  the  depth  of  the  lumi* 
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Aotis  mttter  At  this  distiiiice  from  the  centre,:  we  find  thai  it  conid 
not  be  leat  than  S48  tbonmkd  mttes;  wiierett  in  tile  •  place  viheri 
the  atmotf|ihere  was  darkest,  iti  thickness  would  be  oaly  about  50 
thousand ;  so  that  a  superior  iutensity  of  light  in  the  ratio  of.about 
5  to  1,  could  not  fail  to  produce  the  remarkable  appearance  of  a 
bright  semi-circle,  enveloping  the  head  of  the  comet  at  the  dbtance 
at  which  it  was  observed  *• 

I  have  entered*  so  fully  into  the  formation  of  the  envelope,  as  the 
argument,  by  which  its  construction  has  been  analysed,  will  com- 
pletely explain  the  appearance  of  the  streams  of  light  inclosing  'the 
tail  of  the  comet,  and  indeed  its  whole  construction.'  ' 

The  luminous  matter  as  it  arises  from  the  enveiciijp^,  of  whicffa  it 
is  a  continuation,  is  thrown  a  little  outwards,  and  assumes  the  ap« 
pearance  of  two  diverging  bright  streams  or  branches;  but  if  the 
source  from  which  they  rise  be  the  circular  riin  of  aa:b9illiiphevi<3al 
hollow  shell, .  the  luminous  matt^  in  its  diverging  progress  upwards 
can  only  form  a  hollow  cone ;  and  theappeaFapd&of  .the  two  bright 
«tKeams  uM:loiing  the  tail»  after  what  has  been  said  of  ,tlke  envelofK^ 
will  want  no  fiirther  explanation* 

Add  to  this  thar,  having  actually  seeo.tliese  bfiiHawj^.ttreenn 
remam  at  the  borders  of  th^  tail  in  tl^  salile  ditc^iag./ntiiaeiioii 
during  a  motiqii  of  the  comet  through  more  then  Itt  degrers*  Che 
hollow  oonicid  form  of  the  comet's,  tail  is  In  fact,  cstafali^ied  by 
observation*  .      .  •      :        i.  - 

The  feebler  light  of  the  tail  between  its  branches  is  sufficiently 
accounted  for  by  the  thumess  of  the  lumiitous  aattenof  the  hollow 
cone  thffott^  which  we  look  towards  the  nuddlc  of:  the  tail  conob- 
pated  with  iti  great  depth  about  the  aidesi;  and.  indeed  the-  eoni- 
paratiwe  darknets  of  the  inside  of  tlieconn  and  transparency  of  the 
atBMiqilMfe  leea  through  the  envelope,  bear  witness  to  their  hollow 

•  Fren  tlM  mgasirti  of  Che  envelope,  whoie'^iaiiMter  the  6di  of  October 
was  6490S9  mile^  we  lave  tiie  nuKus  a  d,  321516.  Thro  if  cdbe  2X00, 
we  find  the  angle  ^ce,  of  wbidi  a  c  is  cosine  S8*44'37'';  nod  the  sinie 
'^c,  which  if  the  depth,  will  be  to  the  versed  sine  cd,  which  is  the  thickness, 
as  4,9T2  to  1.  And  If  ad  is  9^90^,  the  greatest  brightness  which  is  at  c  will 
give 'the  distaace  me  eqaal  to  8*  45*',<r.  This  calcaiatioB  being  made  for  that 
part  irhlch  is  coovei  towards  ns,  the  additioo  of  the  coacafc  opposite  side  wiU 
double  the  dbaeaiioBB  of  the  depth  aad  thicJucflb 

VOIm  f  •  K 


190     OB8BBVATI0K8  ON  THE  APPBAEANCB  OF 

coDstructkm ;  for*  mtxt  these  ptrtt  solidf  both  the  cone  and  the 
hemiipberiGal  teniuiiatioii  of  it  most  have  been  much  brighter  mi 
the  middle  than  towards  the  circttiBfereiice»  which  b  oontiaiy  to 
obsenratiiHi. 


CHAP.  XL 

CONSTEUCTION  OF  THE  COMET  OF  1811,  AS  DETERMINED 
BY  PROFESSOR  BUBCKHABDT,  OF  GOTTINGEN,  MEM- 
BER OF  THE  NATIONAL  INSTITUTE. 


X HB  fblloiwiog  eliserfaHoos  on  (be  comet  were  made  atGottingen, 
and  published  there  on  the  SOth  of  September,  1811 : 

^  The  cooMt  which  is  mm  ▼isibk  od  the  borizoo  in  the  northem 
part  of  the  heavens,  is  one  of  the  most  remarkable  which  has  ever 
been  observed*  None  has  ever  been  so  long  visible»  and»  conscb 
qocntljv  none  has  eter  afbrded  snch  certain  means  of  information 
with  respect  to  its  orbit.  Accordingly^  since  the  end  of  March  lasf, 
when  it  was  irst  perceived  bj  M.  Flanguergues  in  the  south  of 
Fhince,  its  course  has  been  regularly  traced ;  nor  shall  we  lose  sight 
of  it  till  the  month  of  January  1813.  Its  train,  which  occupies  a 
space  of  12  degrees^  exhibits  several  curious  phsenomena.  It  is  not 
immediately  couoected  with  the  comet,  as  if  it  were  an  enmnation 
from  it,  but  forms,  at  a  distance  from  the  nucleus,  a  wide  belt,  the 
lower  part  of  which  girds  without  coming  in  contact  with  it,  much  in 
the  same  manner  as  the  ring  of  Saturn ;  and  thu  belt  extends  itself 
in  two  long  luminous  iasces>  one  of  which  is  usually  rectilinear,  while 
-the  other,  at  about  the  third  of  its  length,  8h<K>ts  forth  its  rays  with 
a  slight  curve  like  the  branch  of  a  palm-tree ;  nevertheless  this  con- 
figuration b  subject  to  change.  It  haa^  been  observed  that  the  space 
between  the  body  of  the  comet  and  its  tram  is  occasionally  filled, 
and  of  the  two  fasces,  that  which  is  generally  rectilinear  sometimes 
arches  its  rays,  while  those  of  the  other  assume  the  form  of  right 
lines.  Finally,  rays,  or,  as  it  were,  plumes  of  ignited  matter,  have 
been  seen  to  issue  from  die  lower  extremitiet  of  the  fasces  or  flakes* 
and  again  unite. 
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«*  Such  Auctaatioiis  and  iccideiits  in  that  soit  of  luminoot  ttmo- 
sphere  which  must  occupy  in  the  regions  of  space  a  scope  of  about 
eight  millions  of  leagnesi  are  immense*  and  may  well  impress  the 
imagination  witli  astonishment  The  celebrated  astronomer  of  Lili- 
entbal,  Mr.  De  Schreetteri  remarked  variations  of  the  same  kind  in 
the  tail  of  the  last  comet  of  1807»  and  inserted,  in  the  work  he  pub- 
lished with  respect  to  it,  plates  of  the  successive  configurations. 

"  Professor  Harding  has  also  observed  and  delineated  witli  care 
the- present  comet  under  its  various  as|tects,  and  his  design  will  ap- 
pear in  one  of  the  succeeding  numbers  of  the  **  Geographical  and 
Astronomical  Correspondence,  edited  at  the  Observatory  of  Outha 
by  Mr.  De  Lindenau. 

"  They  will  show  that  when  the  comet  first  appeared^  and  was 
yet  at  a  distance  from  the  sun^  the. two  flakes  of  its  traio  were  se. 
parated  so  as  to  form  a  right  angle ;  but  as  that  distance  decreased, 
they  approached  each  other  till  they  became  parallel.  This  pheno- 
menon, however,  may  be  nothing  more  than  an  optical  illusion. 

*'  As  to  the  nucleus,  or  the  comet  itself,  it  has  been  found  im* 
possible,  as  yet«  even  with  the  aid  of  the  best  telescopes,  to  make 
observations  on  its  disk,  as  on  that  of  asolid  body  and  of  determined 
circumference.  We  can  only  discern  a  vague  chrcular  mass,  more 
lumiooiis  than  the  train,  particularly  towards  the  centre ;  but  the 
verge  of  which  is  doubtful,  furnishing  to  the  eye  no  fixed  line  of  de- 
marcation. 

**  This  DMiss  is  without  doubt  composed  of  a  very  subtile  sub- 
atanoe,  as  is  probably  that  of  all  comets.  This  hypothesis  receives 
nnch  support  from  the  fact,  that  one  of  these  stars,  of  very  consi- 
derable magnitode,  (the  first  comet  in  1770,)  passed  and  re-passed 
through  the  very  middle  of  the  satellites  of  Jupiter  without  occa- 
riooing  amongst  them  the  slightest  disorder.  There  is  every  reason 
to  bdieve,  that  the  nucleus  of  the  present  comet  b  nothing  more 
than  a  eonglomeratioo  of  vapours  of  very  little  density,  so  little  per- 
haps as  to  be  tmnsparent.  Whether  this  be  the  case  or  not,  might 
be  easily  ascertained,  if  those  who  are  m  the  habit  of  observing  it 
would  watch  the  moment  of  its  transit  athwart  the  disk  of  some  star, 
the  rays  of  which  would  have  suflident  power  to  perforate  it,  if 
transparent.  Such  a  body  might  very  possibly  be  an  incipient 
world,  just  past  its  gaseous  state,  and  which  was  to  derive  solidity 
from  the  precipitation  and  condensatfen  of  the  matter  surrounding 
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it.  The  sttcceashm  obtervation  of  some  colIletl^  in  which  it  maj  be 
IMMblc  to  distiogoith  the  diffisrent  stages  of  chaos  and  progressife 
fonoatioii,  can  akme  fiirnish  any  knowledge  with  xespect  to  this 
point.'* 

[ilfe<ifleicr,  Oct.  4.    Tt&cAV  Piiil.  Bf^  ] 


CHAP.  XIL 

OBSXRVATIONS    ON     TUB       PRECEDING     PHENOMENON 
MADE  AT  THE  OBSERVATORY  AT  GLASGOW. 


SIR, 

_  Glasgow  Obverratory,  Oct.  7- 

I  HOPE  the  fidlowiDg  (acts  relative  to  the  comet  will  not  be  un- 
acceptable to  jknit  leaders : 

Since  my  communication  to  you  of  the  4tb»  relative  to  the  comet; 
announcing  the  determination  of  the  elements  of  its  orbit  made  at 
this  establishment^  I  am  happy  to  perceife  hi  the  London  papers 
which  arrived  to-day,  the  result  of  Burckhardt's  second  appro^ima* 
tion.  The  talents  of  this  gentleman  as  a  computor  are  well  known^ 
and  highly  appreciated  by  the  learned  world.  Between  his  time  of 
the  perihelion  passage  and  ours  there  is  a  difference  of  no  more  than 
three  days,  and  the  whole  period  of  the  comet*s  revolution,  I  an 
satisfied,  exceeds  considerably  100  years.  It  is  to  be  remarked  too^ 
that  Burckhardt  never  ventured  to  give  to  the  public  his  first  trials ; 
and  therefore,  whaitever  diftrences  exist  between  his  numbers  and 
ours  may  have  been  obtained  at  hb  second  calculation.  The  inae^ 
curacy  bf  the  first  he  expressly  admits  in  his  letter  to  the  editor  of 
the  Afoift/mr,  which  begins  in  the  following  manner :— *<  Having 
been  requested  to  correct  my  first  determination,**  &c.  I  wish  it  to 
be  understood,  however,  that  the  appearance  of  his  statement  has 
not  shaken,  in  the  least  degree,  the  confidence  I  humbly  conceive 
due  to  our  own  results.  The  observations  from  which  these  are  de- 
rived were  performed  with  the  instruments  of  Troughton ;  instru- 
ments unquestionably  superior  to  any  other  in  the  world.  But  we 
|iave  still  more  direct  assurance  of  the  accuracy  of  our  observations. 
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by  coinpariDg  them  with  the  oambert  which  have  been  published 
from  the  liighest  authority  (that  of  the  Astionoiiier  Royal)  in  the 
■Philosophical  Magasine.  The  longitudes  of  the  comets  deteiw 
ained  at  Greenwich  and  Glasgow  Obsenratoriea^  oomcide  to  the 
ftnction  of  a  minute. 

The  time  of  the  perihelion  passage  may  he  considered  as  pretty 
accuiateiy  fixed,  either  for  Sept.  12  or  9,  or,  as  »  more  probable,  at 
some  mtermediate  period.  From  this  we  can  fully  explain  some  of 
the  phsraomena  generally  remarked.  From  the  9th»  as  stated  in  the 
Gksgow  papers  by  a  correspondent,  the  comet  was  observed  to  in- 
crease considerably  both  tn  briUiaucy  and  in  the  apparent  magni- 
tude  of  the  coma,  but  particularly  of  the  tail,  in  the  conne  of  e^ht 
days.  This  verifies  very  happily  the  observation  of  Sir  Isaac  New 
ton,  that  it  is  not  till  immediately  after  the  perihelion  passage,  that 
comets  acquire  their  maximum  of  lustre  and  of  sixe«  The  enlarge- 
ment therefore  uniformly  lakes  place  at  that  time,  whether  the 
comet  is  coming  nearer  us  or  moving  in  the  opposite  direction.  The 
qoantity  of  increase  due  to  its  approximation  alone,  in  six  or  eight 
days,  can  be  calcukted,  and  we  know  that  there  is  no  instrument  io' 
Seoitfand  capable  of  measuring  the  change  of  apparent  maguitBde 
produced  by  thb  cause.  Whether  the  exquisite  mkroroeter  of 
Tnmghtoo,  applied  to  odr  great  Herschelian  teJeseope,  may  show 
siny  difiereuce,  I  shall  be  able  to  ascertain  in  a  few  days,  as  that  m- 
sttwmcnt  is  htely  dispatched  from  London  for  us. 

I  must  acknowledge,  however,  that  I  entertain  very  slender  hopes 
of  success  m  this  khid  of  observation  on  a  minute  body  surrounded 
with  such  a  nebulosity,  and  at  a  distance  from  us  much  greater  than 
that  of  the  sun«  It  has  been  said,  that  thb  comet  was  ascertained 
to  be  the  same  with  that  of  l66t.  The  two  are  as  different  as  can 
be  imagined  in  every  respect.  Hence  we  may  see  how  much  safer 
in  the  event,  scientific  investigation  is  than  vague  conjectures.  I 
subjoin  the  elements  of  the  comtt  of  106l,  and  those  now  given  by 
Burckbardt : 

COMET  l66l.  BURCKUABDT. 

Long,  of  node  ••««  82  deg.  80mni..,«  140deg.  13  min. 

Inclination   33deg.  35  nun....   f2deg.42roin. 

Place  of  perihelioo,  116  deg.  dSmii....  74  deg.  12  min. 

Perilieiioo  dist;  • . .  42,600,000  ndles 96,000,000  miles. 

I  am.  Sir,  your  obedient  servant, 

X3  ANDREW  URE. 
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Glasgow  Obierrmtory,  Oct.  10. 

8  IB— -In  the  Glasgow  Coarier  of  October  5, 1  had  the  honour  of 
submitting  to  the  public  the  results  of  the  joint  labours  of  Mr. 
Cross  and  myself,  for  the  preceding  inooth»  on  the  cornet,  at  the 
Glasgow  Observatory.  In  The  Star  newspaper  of  October  ll»ap* 
pcared  for  the  first  time  the  elements  of  the  orbit,  as  determined  by 
the  celebrated  Burckhardt,  Member  of  the  National  Institute. 

It  is  a  duty  which  I  owe  to  the  skill  and  the  unwearied  exertions 
of  my  associate  Mr.  Cross,  to  this  patriotic  establbhiuent,  and  also 
to  this  country,  hitherto  considered  by  the  French  mathematicians 
and  astronomers  unequal  to  the  prioiary  solution  of  this  difficult 
problem,  to  state  the  following  facts:— On  October  8,  at  eight 
hours  fifteen  minutes,  by  observations  made  here,  with  ever}*  pre- 
caution to  insure  the  utmost  accuracy,  the  comet  had  deviated  42 
degrees  IS  minutes  from  the  longitude  which  Burckhardt's  elements 
assign  for  that  instant.  On  October  14^  at  two  o'clock  in  tlie 
morning,  the  longitode,  as  deduced  from  a  most  satisfactory  transit, 
was  306  degrees  43  minutes.  By  the  French  computation  it  ought 
to  hare  been  248  dsgfses  1  minute,  differing  from  nature  by  41  de- 
grees ]0  minutes.  By.  our  elements,  which  have  received  a  partial 
correction  from  my  observations  since  the  5tb,  the  coincidence  on 
the  8th,  at  the  same  time,  was  witliin  15  minutes,  and  on  the  14th, 
witliin  13  minutes.  Our  computed  latitudes  on  the  13th  agree  to  a 
minute  with  observation,  while  those  of  Burckhardt  differ  by  3  de^ 
grees  or  180  times  that  quantity. 

The  examination  of  both  has  been  made  by  the  excellent  tables  of 
the  parabola,  constructed  by  Delambre,  imperial  observer  at  Paris. 
It  is  in  the  longitude  of  the  perihelion  that  the  chief  discordance 
exists  between  the  Freuch  elements  and  ours,  and  this  amounts  to 
about  31  degrees ;  the  former  being,  in  our  judgment,  too  small  by 
this  quantity. 

The  comet  has  been  continually  approaching  the  earth  for  many 
weeks.  From  September  ]  5th  till  October  14th,  its  decrease  of  dis- 
tance amounted  to  35  millions  of  miles,  yet  its  brilliancy  and  the 
magnitude  of  its  tail  have  gone  on  diminishing,  as  Burdihardt  pro* 
perly  remarked.  Persons  ignorant  of  astronomy  would  naturally 
infer  from  this  diminution  the  recedure  of  the  comet  from  us,  aS| 
from  its  increase  they  conjectured  its  approach.  Astronomers  laugh 
at  such  idle  dreanu  when  applied  to  a  demonstrative  sciencci  in 
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whidi  coqectore  has  foond  aopbceriiictthedijFtof  Newtoo.  Itt 
fint  principles  tcich,  tlmt  these  phsBnonMai  •rise  ftom  the  eoaiefs 
Ttrjing  distance  from  the  siid«  Aft  At  period  of  the  peiibelioQ 
passage  these  bodies  are  known  umfoimlj  to  attan  tlwir  maifanaai 
of  siae  and  br^htness, 

ANDREW  URE. 
[TUhch*!  PhU.  Mag.] 
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OF  SOLAB   AGENCT  IN  THB  PBODUCTIOlf  OF  COKBTIC 

FHANOM£NA. 


^8  we  are  now  in  a  great  measnre  acquainted  with  the  physical 
oottstniction  of  the  diflfrrent  parts  of  the  present  cornet^  and  haft 
seen  many  successive  alterations  that  have  happened  in  thcurar* 
laqgement^  it  may  possibly  be  within  our  reach  to  assign  the  pro- 
haUe  manner  in  whkh  the  action  of  such  agents  as  we  are  acquainted 
with  has  produced  the  phsmomena  we  have  observed. 

In  its  approach  taa  perihelion,  a  comet  becomess exposed  to  the 
action  of  the  solar  rays,  which,  we  know  are  capable  of  producmg 
l^ht,  heat,  and  chemical  eftcts.  That  their  ioJhicnce  on  the  pre- 
sent comet  has  caused  an  expansion,  and  decomposition  of  the  co- 
metic  matter,  we  have  experienced  in  the  growing  condition  of  the 
tail  and  shining  quality  of  its  light,  which  seems  to  be  of  a  phosr 
pboric  nature.  The  way  by  which  these  effects  have  been  produced 
may  be  supposed  to  be  as  follows. 

The  matter  contained  in  the  head  of  the  comet  would  be  dilated 
by  the  action  ofthe  sun,  but  chiefly  in  that  hemisphere  of  it  which 
is  immediately  exposed  to  the  sofaur  influence ;  and  being  more  in* 
creased  in  tUa  direction  than  on  the  opposite  side,  it  would  become 
eccentric,  when  referred  to  the  situation  of  the  body  of  the  comet; 
l>ut  as  the  head  is  what  draws  our  greatest  attentioDi»  on  account  of 
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ks  brigbtnetf ,  Uie  liUle  planetary  body  would  q»pe«r  to  be  in  tha 
CGorntnc  siiuattOD  in.  vhich  we  Ime  seen  it. 

.Naw»  «s  from  obierved  pb^omena,  we  have  good  leaaon  to  be^ 
Utffe; the  cornet  to  be  MmroiMided  by  a  very  extensive,  transparent 
elastic  atmosphere ;  the  nebulous  matter^  whiqb  probably,  when  the 
covML  ii  al  a  dUtinpe  from  the  perihelion,  is  gathered  about  tlie 
bead  in  a  spherical  forin^  would  on  its  approach  to  the  sun  be 
greatly  rarefied,  and  rise  in  the  couietic  atmosphere  till  it  came  to 
a  certain  level,  where  it  could  remain  suspended,  for  some  time, 
exposed  to  the  continued  action  of  the  sun. 

In  this  situation  we  have  had  an  opportunity  of  seeing  the  trans- 
parent atmosphere,  whichj  buffor  llie  suspension  of  the  nebulous 
matter,  we  might  never  have  discovered  ;and  indeed,  how  far  it 
may-  exicod-  beyond  .the  .region  which  contained  the  shining  sub« 
stance,  we  can  liave  no  observation  to  ascertain,  on  account  of  its 
transparency.  In  consequence  of  the  darkbh  uiterval,  occasioned 
by  the  atmospheric  space,  the  auipended  light  appeared  to  us  in  the 
shape  of  a  very  bright  envelope. 

'thebriliniicy  t>iF  tW  fHvelope^  and  Hs  yellowish  colour,  so  dif- 
fcMit  from  that  ofthe  Jiead,  and  probably  acquired  by  its  mixture 
with  ffa^  atmospheric-  fltiMi  are  proofs  of  the  continued  action  of 
the.stm  upon  the  InmkiMs  matter,  already  in  so  high  a  state  of 
rarefaction ;  and  if  we  aoppoae  the  attenuation  and  decomposition 
of  this  inattcrio  be  carried  on  till  its  particles  are  sufficiently  minute, 
to  receive  a  slow  motion  from  the  impulse  of  tlie  solar  beams»  then 
will  tiiey  ^duafly  recede  fmn  the  hemisphere  exposed  to  the  sun, 
and  ascend  in  a  very  moderately  di^rging  direction  towards  the  re- 
gions of  the  fixed  stars. 

That  some  such  operation  most  have  been  carried  on,  is  pretty 
evident  from  our  having  seen  the  gradual  rise,  and  mcreased  ex- 
pansion of  the  tail  of  the  comet;  and  if  we  saw  the  shming  matter, 
while  suspended  in  the  cometic  atmosphere,  in  the  shape  of  an  en- 
velope, it  follows  that,  m  its  rising  condition,  it  would  assume  the  ap- 
pearance of  those  two  luminous  branches  which  we  have  so  long  ob- 
served to  inclose  the  tail  of  the  comet* 

The  seemingly  ehrcular  form,  and  the  stteam-like  appeaiance  of 
the  Intninous'  nttCter,  having  been  already  explained,  we  .may  now 
ft^  the  reason  wbi^ft-eini  rise  in  no  other  form  than  the  conical ;  for 
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a  whole  kemisphere  of  it  being  expoied  to  the  action  of  the  wati,  it 
must  of  course  ascend  equally  every  where  all  around  it 

That  the  luminous  matter  ascending  in  the  hollow  cone»  received 
no  addition  to  its  quantity  from  any  other  source  than  the  eaposed 
hemisphere,  we  may  conclude  from  its  appearance ;  which  notwith- 
standing the  great  circumference  of  the  cone  it  filled,  at  thealtitnde 
of  6  degrees  from  the  head,  was  never  seen  with  increased  lustre; 
although  the  diameter  of  an  annular  section  of  it,  in  that  place,  must 
have  been  nearly  \5  millions  of  miles,  and  was  but  little  more  than 
half  a  million  at  its  rising  from  the  envelope. 

This  consideration  points  out  the  extreme  degree  of  rarefaction  of 
the  luminous  matter  about  the  end  of  the  tail ;  for  its  expansion 
while  still  much  confined  m  the  streams,  at  the  altitude  which  has 
been  mentioned,  must  have  exceeded  the  density  it  had  at  lismg  about 
524  times ;  but  when  afterwards  it  extended  itself  so  as  to  produce 
nearly  an  evenly  scattered  light  over  the  whole  compass  of  the  end 
of  the  tail,  we  may  easily  conceive  to  what  an  extreme  degree  of 
rareness  its  expansion  must  have  been  carried. 

The  vacancy  occasioned  by  the  escape  of  the  neboloiu  matter, 
which  aAer  rarefaction  passed  from  tlie  hemisphere  exposed  to  the 
sun  into  the  regions  of  the  tail,  was  probably  filled  up,  either  by  a 
aoecessioo  of  it  from  the  opposite  hemispheres  or  by  a  rotation  of 
the  comet  about  an  axb;  and  the  gradual  decomposition  of  this 
matter  would  therefore  be  carried  on  as  long  as  any  remained  to 
replace  the  deficiency. 

That  such  a  kuid  of  process  took  place,  seems  to  be  supported  by 
the  observations  which  were  made  during  the  regression  of  the  co- 
met from  its  perihelion.  For  the  space  between  the  branches  of  the 
tail,  very  near  the  head  of  the  comet,  became  gradually  of  a  darker 
appearance  than  before ;  which  indicated  the  absence  of  the  nebu- 
lous matter  that  had  formerly  been  lodged  there. 

A  rotatory  motion  of  the  comet,  which  has  been  suggested,  would 
also  explain  the  frequent  variations  in  the  length  of  the  opposite 
branches  which  inclosed  the  tail ;  for  if  any  portion  of  the  cometary 
matter  should  be  more  susceptible  of  being  thrown  into  a  luminous 
decomposition  than  some  others^  a  rotatory  motion  would  bring 
such  more  susceptible  matter  into  different  sitnations^  and  cause  a 
more  or  less  copious  emission  of  it  in  different  places. 
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The  additioiml  short  and  fiuot  double  stfctnis  of  iiebaloas  li^ 
which  issued  from  the  vertex  or  side  of  tht  enfeebled  envelope,  la 
the  gradual  regress  of  the  comet,  tend  likea  ise  to  add  probabilitj  to 
the  conception  of  a  rotatory  motion ;  for  the  changeable  appearance 
of  the  situation  of  these  streamlets  might  arise  from  a  periodical 
exposition  of  some  remaining  small  portions  of  less  rarefied  matter, 
when  nearly  the  whole  of  it  had  been  exhausted. 

[Herschel,  Phil.  Trans.  1812.} 
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ON  THE  RESULT  OF  A  COMET'S  FEBIBELIOM  *  PASSAGE. 


After  bavbg  given  a  detail  of  phsenomena,  and  entered  into  a 
research  of  the  most  likely  manner  in  which  they  were  produced,  I 
shall  only  mention  what  appears  to  me  to  be  the  most  probable  con- 
sequence of  the  perihelion  passage  of  a  comet. 

The  quality  of  giving  out  light,  although  it  may  always  reside  in 
a  comet,  as  it  does  in  the  ipimensity  of  the  nebulous  matter,  which 
I  have  shown  to  exbt  m  the  heavens,  is  exceedingly  increased  by  its 
•approach  to  the  sun.  Of  this  we  should  not  be  sensible,  if  it  were 
not  accompanied  with  an  almost  inconceivable  expansion  and  rare« 
faction  of  the  luminous  substance  of  the  comet  about  the  time  of  its 
perihelion  passage. 

It  is  admitted,  on  all  hands,  that  the  act  of  shining  denotes  a  de- 
composition in  which  at  least  light  is  given  out;  but  that  many  other 
elastic  volatile  substances  may  escape  at  the  same  time,  especially  in 
so  high  a  degree  of  rarefaction,  is  far  from  improbable. 

Then,  since  light  certainly,  and  very  likely  other  subtile  fluids, 

*  The  peange  in  which  it  approschei  nearest  to  the  ran :  in  which  sense  the 
term  stands  opposed  to  opAeKoa,  cott^titntlng  the  comet's  highest  or  most  dis* 
tant  point  from  the  sun.— Editor. 
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alio  escape  in  great  abondance  during  a  considerable  tihie  before 
and  after  a  cooKt's  nearest  approach  to  the  sun»  I  look  npon  a  peri- 
helion passage  in  some  degree  as  an  act  of  consolidation. 

If  this  idea  shcpld  be  admitted,  we  may  draw  some  interesting 
eooclnsions  from  it*  Let  us,  for  eiampte,  compare  the  phienomenm 
that  accompanied  the  comet  of  1807  with  those  of  the  present  one. 
The  first  of  these  in  its  approach  to  the  sun  came  within  6\  millions 
of  miles  of  itf  and  its  tail,  when  longest,  covered  an  extent  of  9 
millions.  The  present  one  in  its  perihelion  did  not  come  so  near 
the  sun  by  nearly  86  millions  of  niUes,  and  nevertheless  acquired  a 
tail  91  niiUioos  longer  than  that  of  the  former.  The  difference  in 
their  distances  from  the  earth  when  these  measures  were  taken  was 
but  about  2  millions. 

Then  may  we  not  conclttde,  that  the  consolidation  of  the  comet 
of  1907 f  when  it  came  to  the  perihelion,  had  already  been  carried 
to  a  much  higher  degree  than  that  of  the  present  one,  by  some 
former  approach  to  our  sun,  or  to  other  similarly  constructed  ce- 
lestial  bodies,  such  as  we  have  reason  to  believe  the  fi&ed  stars  to 
be? 

And  that  comets  may  pass  round  other  snns  than  ours,  is  rendered 
probable  from  our  knowing  as  yet,  with  certainty,  the  return  of  only 
one  comet  among  the  great  number  that  have  been  observed. 
.  Knee  tbeu,  from  nbat  has  been  said,  it  is  proved  that  the  influ* 
ence  of  the  sun  upon  our  present  comet  has  been  beyond  all  com« 
parisob  greater  than  it  was  upon  that  of  1807 ;  and  since  we  cannot 
suppose  our  sun  to  have  altered  so  much  in  its  radiance  as  to  be  the 
cause  of  the  difference  |  have  we  not  reason  to  suppose  that  the 
matter  of  the  present  comet  has  either  very  seldom,  or  never  before 
passed  through  some  perihelion  by  which  it  could  have  been  so 
nrach  condeused  as  the  preceding  comet  t  Hence  may  we  not  sur- 
mise that  the  comet  of  I8O7  was  more  advanced  in  maturity  than 
the  present  one ;  that  is  to  say,  that  it  was  comparatively  a  much 
older  comet. 

Should  the  idea  of  age  be  rejected,  we  may  indeed  have  recourse 
to  another  supposition,  namely,  that  the  present  comet,  since  the 
time  of  some  former  perihelion  passage,  may  have  acquired  an  addi- 
tional quantity  (if  I  may  so  call  it)  of  itnperiheUoned  matter,  by 
moving  in  a  parabolical  direction  through  the  immensity  of  space, 
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and  paniog  throngb  extenrivc  strata  of  nebulotitj ;  And  thait  a  tmall 
comet,  having  already  some  solidity  in  its  nucleus,  should  carry  off 
a  portion  of  such  matter,  cannot  be  improbable.  Nay,  from  tho. 
complete  resemblance  of  many  comets  to  a  number  of  nebnIsB  I 
l^ave  seen,  I  think  it  not  unlikely  that  the  matter  they  contain  k  ori- 
finally  oebolons.  It  may  therefore  possibly  happen  that  some  of 
the  ttebuli^  in  which  this  matter  is  already  in  a  high  state  of  con* 
densatioo,  may  be  drawn  towards  the  nearest  celestial  body  of  the 
nature  of  our. sun;  and  after  their  first  perihelioo  passage  round  it 
proceed,  in  a  parabolic  direction,  towardi  some  other  similar  body ; 
and  passing  successively  from  one  to  another,  may  come  into  Uio 
regions  of  our  son,  where  at  last  we  pcKeive  them  tmnsformed  into 
comets* 

'  The  MIKant  ap|wanuioe  of  our  small  comet  may  therefore  be 
mcribed  either  lo  its  having  but  lately  emerged  from  a  nebulous  coo* 
ditkm,  or  to  having  carried  off  some  of  the  nebulous  matter,  situated 
in  the  far  eatended  hnaoA  of  its  parabolic  motion.  The  first  of 
these  cases  wil  lead  us  to  conceive  how  planetary  bodies  may  begin 
to  have  an  existence ;  and  the  second,  how  they  may  increase,  aod» 
as  it  were,  growuptomaturi^.  For  if  the  aocessioo  of  fipesh  nebu- 
lous matter  can  be  admitted  lo  happen  once,  what  hinders  us  firom 
believing  a  repetitkm  of  it  probaUe  1  and  m  the  case  of  parabolic 
motions,  the  posage  of  a  comet  throu^  immense  regions  of  such 
matter  b  unavoidable. 

[Herschel,  Phil.  Tirans.  1812.) 
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CHAP.  XV. 

OBNBHAl  BBMARKS  ON  THB  PBECBDING  CHAPTBBS  BBLATIVB 

TO  COMETS. 


It  18  manifest  from  Chapter  X,  that  Dr.  Herschel  rapiMMes  the 
eonet  of  1811  to  have  been  produced  from  oeboloiis  light,  con- 
aialently  with  hb  theor^f  noticed  in  chapten  VII  and  VlII ;  that 
toch  light  became  progressively  consoUdated,  and  that  a  part  of  its 
lumfaious  matter  had  been  exhaled  in  its  approach  io  some  other 
•tan  before  its  perihelion  path  in  our  own  system.  Yet  from  the 
kogth  of  ita  tail,  and  the  luminous  envelope  that  surrounded  ita 
outer  line,,  compared  with  those  of  the  comet  of  .1,807,  he  thinks 
It  must  have  been  of  much  later  date. 

The  comet  of  I807t  hi  its  approach  to  the  sun  advanced  within 
sixty-one  millioni  of  miles  of  it,  and  its  tail,  whei^  Ipngeff ,  covered 
an  extent  of  nine  millions  of  miles.  The  late  comet,  io  its  peri: 
belion  did  aoC  pets 'so  near  the  sun  by  about  thirty-six  miUioos  of 
■dct,  being  about  two.  thirds  only  of  the  closest  approximation  ol 
the  preoedmg,  and  nevertheless  acquired  a  tail  of  upwards  of  a 
hniKlied  millioMof  nsiles.  May  we  not  then  conclude,  as  he  suggests^ 
that  the  coosolidation  of  the  comet  of  1807»  when  it  reached  its 
peribelioo,  had  already  been  carried  to  a  much  greater  degree  of 
density  than  tbat  of  the  last  comet,  by  some  former  approach  to 
our  soii»  or  to  some  similarly  constructed  celestial  bodies,  such  as 
we  have  icnaon  to  believe  the  fixed  stars  to  bel  And  that  comets 
may  pass  rannd  other  suns  than  ours,  is  rendered  probable  from 
our  not  knowmg,  with  certainty  as  yet,  the  return  of  more  than 
one  comet  among  the  great  number  that  have  been  observed  1 

He  cakniates  the  bright  point,  or  what  we  may  admit  to  be  the 
solid  or  planetary  body  of  the  cooiet,  at  about  428  miles  in  dia- 
meter:  and  that  its  distance  from  the  earth,  at  the  time  of  making 
his  observations,  was  114  millions  of  miles.  It  existed  in  a  stelli* 
form  nucleus  which  he  calls  the  bead  of  the  comet,  the  diameter  of 
which  he  caleotatea  at  137  thousand  miles.    It  was  surrounded  by 
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a  circular  darkish  space  which  he  supposes  to  be  an  atmospheiVf 
and  computes  at  MJ  thousand  miles  in  diameter.  The  tail  varied 
in  length  and  breadth  from  September  d,  when  he  could  perceive 
none,  to  September  9»  when  it  eiteuded  9  or  10  degrees;  Septem* 
ber  18,  wheu  it  reached  11  or  13  degrees;  October  6,  at  which  it 
possessed  25  degrees*  which  was  its  greatest  length.  On  October 
12,  it  was  17  degrees,  and  on  October  15,  23^  degrees,  or  some- 
what more  than  a  hundred  million  of  miles.  The  breadth  of  the 
tail  varied  as  well  as  its  length;  on  October  12,  it  was  6\  degreca 
in  its  broadest  part,  or  nearly  15  millions  of  miles. 

The  general  shape  of  the  comet  he  calculates  must  have  been 
that  of  an  inverted  hollow  cone,  terminating  its  vertex  in  an  equally 
hollow  cap  of  nearly  an  hemispherical  construction;  the  cap  and 
sides  of  this  hollow  cone  being  of  inconsiderable  thickness.  The 
tail  shortened  rapidly  in  November.  On  the  5th  it  was  12^  de- 
grees; 00  the  lOth  7|,  December  10th  5  degrees,  and  of  feeble 
light ;  oo  the  14th  nearly  the  same,  bat  the  light  very  connderably 
feebler. 

To  these  runarks  we  may  farther  add,  that  the  tail  of  the  comet 
of  1660,  was  nearly  equal  to  that  of  1811,  having  been  cakubted 
at  a  hundred  millions  of  miles. 

Deguignes  enumerates  two  or  three  hundred  comets  mentioned 
by  Chinese  writers.  Doubts,  however,  have  since  been  thrown  upoD 
the  authorities  referred  to. 

Extensive  as  are  orbits  of  comets,  from  their  eccentricity  they 
have  sometimes  approached  much  nearer  to  the  sun  than  any  of 
the  planets;  for  the  comet  of  1680,  wheu  at  its  |)erihelioo,  was  at 
the  distance  of  only  one-sixth  of  the  sun's  diameter  from  its  suriiice. 
Yet  from  the  very  inconsiderable  density  of  their  enormous  tails, 
and  even  of  the  greater  part  of  the  nucleus  itself,  should  it  ever 
happen  to  a  planet,  of  which  there  is  but  very  little  probability,  to 
fall  exactly  in  the  way  of  a  comet,  it  is  supposed  that  the  inconve- 
nience suffered  by  the  inhabitants  of  the  planet  might  be  merely 
temporary  and  local :  the  chances  are,  however,  much  greater,  that 
a  comet  might  interfere  in  such  a  manner  with  a  planet,  as  to  de- 
flect it  a  little  from  its  course,  and  retire  again  without  conung 
actually  into  contact  with  it. 

Newly  500  comets  are  recorded  to  have  been  seen  at  differeal 
times^  and  tbe  orljts  of  about  a  hundred  have  been  correctly 


ccftiined :  bot  irt  kav«  no  •ppoitniiity  of  oUenrins  ft  waSkknt 
portHMi  of  tlw  orUt  of  soy  coiiMet»  to  delennne  with  aeauacy  tiM 
whole  of  iU  form  at  an  elli|i8it»  since  the  part  which  it  within  the 
linift  of  our  obtenralion  does  not  tentiblj  differ  from  the  parabohiy 
which  would  be  the  result  ot  an  ellipsii  prolonged  without  end. 

Two  comets  at  leasts  or  perhaps  three,  have  been  recogniied  in 
their  return.  A  comet  appeared  in  1770,  which  Prosperin  suspected 
to  move  in  an  orbit  materially  difiereut  from  a  parabola ;  Mr.  Lexell 
determined  ils  period  to  be  5  years  and  7  months,  and  its  extreme 
distances  to  be  between  the  orbits  of  Jupiter  and  of  Mercury ;  but 
it  docs  not  appear  that  any  subsequent  observations  have  con6rmed 
his  theory.  It  has,  however,  been  calculated^  that  supposing  the 
theory  correct,  it  must  afterwards  hare  approached  to  near  to 
Jupiter  as  to  have  the  form  of  its  orbit  entirely  changed. 

Dr.  Haiky  foretold  the  return  of  a  comet  about  1758,  which  had 
appeared  in  1581,  in  1607,  and  in  l6S2,  at  intervals  of  about  75 
years;  and  with  CUuraut's  fuKher  correction  for  the  perturbations 
of  Jupiter  and  Saturn,  the  time  agreed  within  about  a  month.  The 
jnean  dittance  of  this  comet  from  the  tun  miuit  be  less  than  that  of 
the  Georgian  planet ;  to  that  by  improving  our  teletcopet  still  mora 
highly,  we  may,  perhaps,  hereafter  be  able  to  convert  some  of  the 
comets  mto  planett,  to  far  as  their  remaim'ng  always  visible  would 
■oMitie  them  to  theappelfaUion.  Dr.Halley  also  supposed  the  comet 
of  IGSO  to  have  been  seen  m  1106,  in  531,  and  in  the  year  44  be* 
fbie  Christ,  having  a  period  of  575  years ;  and  it  has  been  suspected 
that  the  comets  of  1556  and  1264  were  the  tame,  the  interval 
being  S92  yeart ;  a  conjecture  which  will  either  be  confirmed  or 
confuted  kk  the  year  1848.  Some  pertont  have  even  doubted  of 
the  perlSect  comcidenoe  of  the  orbitt  of  any  comets,  seen  at  different 
tknts,  with  each  other,  and  have  been  disposed  to  consider  them  as 
messengers  forming  a  communication  between  the  neighbouring 
systems  of  the  sidereal  world,  and  visiting  a  variety  of  stars  in  sue* 
cession,  so  at  to  have  their  courses  altered  cootimmlly,  by  the 
attraction  towards  many  diflerent  centres;  but  considering  the  coin« 
ddence  of  the  cakulatioo  of  Halley  and  Clahraut  with  the  subse- 
quent appearance  of  the  comet  of  1759,  thb  opinion  can  scarcely 
be  admitted  to  be  in  any  degree  probable  with  respect  to  the  comet? 
In  general,  however  poanble  the  supposition  may  be  in  some  parti* 
cotar 
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Tlie  reader  may  upon  this  sabjcct  comolt  ali6  BarikoHnut  De  C»* 
vaetWf  4to.Cop«ibageii«  1065 :  Hooket  Lectures  and  Oi>llectioi»«  4t<K 
1078;  Cometa^—Figures,  p.  2. 8 :  Hetmius,  U«bar  dtaCowietai,  4t^ 
Petenb.  174k3 ;  Dionii  du  S^r,  Emi  sar  les  Comctes,  Paris,  1775; 
Degtiignes,  S.  £.  X.  1785.  App.  $9 1  Young's  Nat.  PhO.Vol.  Lp.  513^ 
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srifopsn  OF  thb  principal  blements  of  astronomy^ 

DEDUCED    FROM    M.    LA  PLACE'S  EXPOSITION  DU  SYSTEM H 
DU  MONDE. 


Xhb  foUcvwnig  article  is  drawn  from  the  third  edition  of  M.  La 
Place's  very  excellent  £j;]»ortltoa  (1808)  in  which  the  author  haa 
given  the  elements  of  the  planets  in  a  more  correct  manner  than  in 
either  of  the  preceding  editions ;  and  wlierein  be  has  revised  and 
amended  all  hb  former  calculations  by  more  recent  and  exact  ob* 
servalions. 

The  arrangement  of  the  present  memoir  b  somewhat  new ;  but 
many  persons  have  frequently  found  the  want  of  a  manual  of  this 
kind,  where  all  the  different  facts,  relative  to  astronomy,  might  be 
brought  under  their  respective  heads,  without  the  otoessity  of  tunn 
ing  to  a  variety  of  works  for  information.  Much  time  is  often  loet 
in  a  research  of  that  kind,  which  it  b  the  object  of  the  present 
abstract  to  prevent. 

In  the  original  work,  the  author  has  universally  adopted  the  de- 
cimal divbion  of  the  day,  and  of  the  quadrant.  Thb  method  m 
here  preserved  in  the  Tables  of  the  Elements  of  the  Planets ;  but,  m 
subsequent  parts,  the  common  sei^gesiraal  notation  is  adopted,  as 
being  more  easily  understood  in  this  country. 

Some  other  &cts,  not  mentioned  by  M.  La  Place,  are  inserted  in 
this  tracts  in  order  to  enlarge  the  view  of  the  subtfect :  but  these  pas» 
sages  are  always  kept  separate,  by  being  inclosed  within  brackets^ 
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The  Sun. 

'  ■    ■    ■  ■  •   ■  .■-':. 

The  SflB^  which  u  thte  Mratee  of  light  wd  heal  to  mir  system,  is 
thfe  most  cOiksidenible  of  all  theheaiTeo^  bcfdies^  and  goTenw  all  the 
plaiietary  ^motions. 

Its  dkteter  is  111*454  times  the  meandwelar  of  the  earth; 
whence  its  volume  is  1384473  times  greater  tliap  that  of  the  eaith ; 
but  ittf  mass  is  only  3370B6  times  greater.  Whence  we  conclude 
that  its  density  is  ^.^Hr*  ox  about  |  that  of  our  globe. . 

It  is  surrottttded  by  an  atmoiphete ;  and  i\  is  qftentuQes  covered 
with  i|iots.  'Some  of  these  spots  have  been  pb^^rvesiso  large  as  to 
exceed  the  earth  four  or  five  times  in  magnitpdp. 

Hie  otisertation  of  these  spoti  shows  thai  the  Sim  moffi.on  it« 
axis,  which  is  nearly  perpendicular  to  the  leclJpti^;  .and  (he  darfUion 
of  an  entire  sidereal  roratioa  of  th^  suo  is  about  3i$i  days. 

Whence  we  oooclade  that  the  sun  is  flattened  'fit  the  poles^ 

The  solar  equator  is  inclined  7°  30'  to  the  plane  of  the  ecliptic. 

A  body,  wbidi  weiglis  one  pound  at  the  surfaccj  of  the  efirth, 
would,  if  removed  to  the  surface  of  tb^  snn,  weigh  S7'933  pounds. 
And  bodies  would  fall  there  with  a  velocitjr  of  33.4*65.  feet  ja  the 
first  seooiid  of  time* 

Th^  sun»  together  with  the  platiets,  moves  ronbJ' the  common 
€C9|bi;e  of  gravitjT  of  the  system  ;  which  centre  is  neartjin  the  cientre 
of  the  sun. 

This  motion  changes  mto  epicycloids  the  ellipses  of  the  planets 
and  eonietsy  which  revolve  round  the  sun. 

The  sua  appears  to  have  a  particular  motion^  mbith  carries  our 
system  towards  the  constellation  of  Hercules; 

The  apparent  diameter  of  the  sun,  as  seen  from  the  earth»  onder** 
goes  a  periodical  variation.  It  is  greatest  when  the  earth  is  in 
its  perihelion ;  at  which  time  it  is  32'  35'\6 :  and  it  is  least  when 
the  earth  is  m  its  aplielibki ;  at  which  time  it 'is  81'  31^,0.  Its  mean 
apparent  dhmetcr  is  therrfbUe  Sf  3''j3.- 

His  horiaontal  parallax  is  Of". 

The  greatest  eqoaiion  of  his  centre  m  ^  61^  2/ V  i  wbich  diini- 
Dishes  at  the  rate  of  l6",9  in  a  century. 

The  dnimal  motmn  of  the  sun  firon  east  to  west,  and  his  annual 
motion  m  theccliptie*  are  optical  deceptions;  arismg  from  the  real 
motion  of  the  earth  on  ita  ati^  and  m  Bt#  orbit« 
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nePUmeis. 
The  nnnber  of  pbuieti  beloiiging  to  our  syttmn  u  eleven, 
ofthoe  Ime  befcn  knoimaMl  lecognacd  from  tupie  iiiwiTBiuihl ; 
iiiiiiel7»McftDi^f,yen«»tlwEvtb,  Mais^JapiteraBdSatiini.  But 
the  remaioiDg  five,  which  are  not  visible  to  the  naked  tj^,  knve 
UMj  been  discovered  bj  the  help  of  the  tdesoope ;  and  ate  there- 
Aiecalled  teieicopic  planets :  nnnely, 

Uranus^  discovered  bj  Dr.  HerKhel,  Bfarch  13,  178t. 

Ceres. •...••... M.Piani,.«  January  1»  1801. 

PUIas» BLOIbeffS»..  March  28, 1802. 

JuBO^... M. Hanbif^ •  Seplem.  l,  1803. 

Vesta, M.  Oibers, ..  March  S9k  1807* 

All  these  ptanets  revolve  romd  the  suUp  as  the  centre  of  motion : 
end  in  peribming  thehr  revolutions  they  follow  the  Amdameiilal 
hws  of  the  planetary  motion  so  happily  discovered  by  Kepler ;  and 
which  have  been  fidiy  eonfirmed  by  subsequent  observations.  These 
bwsarc^ 

L  The  orUt  6f  eadi  phnet  ■  an  ellipse ;  of  which  the  sun  occspics 

oneofthefbcL 

The  extremity  of  the  m^ior  axis  of  this  ellqMe»  nearest  the  son,  b 
cftUed  the  perihelion;  the  opposite  extremity  of  the  same  axis  b 
culled  the  aphelion.  Hie  line,  which  Jobs  these  two  pomts,  is  called 
the  line  of  the  apsides.  The  radhis  vector  nan  imaginary  line  dnwu 
from  the  centre  of  the  sun  to  the  centre  of  the  planet,  in  any  part  of 
its  orbit. 

The  velosity  of  a  |danet  in  its  orbit  is  always  greatest  at  its  peti- 
helion.  This  veTosity  dimmishes  as  the  radius  vector  nicreascs;  till 
the  planet  arrives  at  its  aphelion,  when  its  motion  is  the  slowesT.  It 
then  increases,  in  an  mverse  manner,  till  the  planet  arrives  agsso  at 
itspcriheUon.  . 

IL  The  areas,  described  about  the  sun  by  the  radiu*  vector  of  the 
planet,  are  proportional  to  the  times  en^iioyed  iu  d««»ribing  them. 

These  laws  are  suflkient  for  detenninmg  4he  motion  of  the  planets 
round  the  sun ;  but  it  is  necessary  to  know,  for  each  ot- these  phnets, 
seven  quantities ;  which  are  called  the  elements  of  their.  eUipUcal 
motkm.  The  first  five  of  these  elements  ickte  to  the  aMrtioa  in  an 
ellipse;  the  hut  two  relate  to  the  poskion  of  the  orbit ;  siiicie  the 
planets  do  not  all  move  m  the  same  plant. 
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1.  The  diuitioD  of  a  ademd  nm^tioo  of  thej^anet. 

2.  Half  the  major  aibi^  the  orbit  j  or  the  mean  dittaoce. of  Ihe 
pfadMt  firom  the  sob. 

•  S.  The  vccentiicity  of  She  orbit ;  whence  we  deduceLthegreatefl 
eqiiafios  of -tfaeeeotre.  

4.  The  mead  longltiide  of  the  pbuet  at  a  fmo  epoch.    - 

5.  The  JoDgifude  of  the  perihelioo  at  a  gnrco'qpodi. 

6.  The  loogitiide  of  the  nodes  at  a  giren  epoch. 
7:  The  mclmation  of  the  orbit  lo  the  ecliptic. 

The  fettowinj;  lU^ks  present  all  these  elements  for  the  first  mop 
meat  of  the  present  ceatnry  ;.  namely^  for  that  point  of  time  at 
midnight  which  separates  the  81st  of  December.  iaOQ»  and. the  1st 
of  Jannarj  1-801 ;  mean  tune  at  Paris.— {Theohservaloiy at  Airb 
is  in  north  latitude  48'' 50' 14^  and  in  longitude  9"  21"  east  from 
Greenwich  observatory •] 

■  ....  ^ 

i.  Duration  (^a  Sidereal  JSUtohtion: 

■  ■  •       ■       ■ 

■^Kju  •fWsrs- ' 

Mercury  .; 87*969^5804  I  Ceres  ........  14361*58900000 

Vemi9..... 294*70082399  I  Mlas  .......^  I60>7€90OOO6 

Earth 865*25638350  I  Jopfter. 48M-5968O70O 

Mars 6869796I860J  Satam 10758 tK^96400O 

Vesta l855-3aM)0CX)  j  Uraons  ......3008871268720 

JnoQ. l5g0iK>800000  I 


£.  Mean  Ditiancejrafn  the  Sun. 

Cem  ..;.*...•".'.'.. VS-^674060 
P*Uis  .... .^ ... ...  ^'7675920 

Jupiter ..5-2027911 

Saturn  •  • 9*5387705 

Uianns 19*1888050 


Mereary. -3870981 

Venos. •7238323 

Earth 1-0000000 

Mars   1-5236935 

Vesta 2-8730000 

Juno. 2-6671630  | 


3.  Rat^f  of  ike  Eccentricity  to  half  the  Major  Axis. 


Mercoiy -20551494 

Venus .<00685298 

Eaith' 01685318 

Mars  ..: -09313400 

Vesta ....-093280001 

Jono. -254944001 

L2 


Ceres  -07834860 

PaUas -24538400 

Jupiter.... -04817840 

8afnm •••05616830 

Uianos «..••    ^04667030 
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4.  Mean  LongUwkj  January  I,  1801. 


Memuy IS**  15647 

Venof 11*93672 

Kwth 111*28179 

Maw 71*24145 

Vc9t« .297*12990 

Judo 822^79380 


Ceres 294*16820 

PdJai 280^68580 

JnpilK 1^^67781 

Saturn 150-88010 

Ucanua 197*54244 


5.  Mean  I/mgitude  of  the  Perihelion, 


Mercury '. . .  82*6256 

▼enui  142*9077 

BMk Il0»fi571 

Ifcn 869*1407 

VcflB. 277*4630 

Juno  59*2349 


Ceres. 162*9565 

Mlas. 1W7040 

Jupiter   12*3819 

Satan. 99*0549 

Uniaas. 185*9574 


6:  Longitude  of  the  ascendiwg  Node. 


Mercury 51*0651 

Venus 88*1972 

Earth. , 0*0000 

Mm 53*8605 

Vesln.... 114*4630 

Juno 190-12281 


Ceres 89*9083 

Whs   191*7148 

Ju|Mter 109*  3624 

Saturn 124*3662 

Uranus 80*9489 


?•  Ludination  ofikt  Orbit  to  th^  Ecliptic. 


Ceres   11*80680 

PaUas  38*46540 

Jupiter   1*46034 

Saturn 2*77102 

Unmus   0*85990 


Mdcnry 7*78058 

Venus.. 3*76936 

Earth 0- 00000 

Mars 2*05663 

Vesta..... ..7*94010 

Juno »....  14*  50860 

The  eiaminatioD  of  the  first  two  tables  here  given  wiJl  show  us 
that  the  duration  of  the  revolutions  of  the  planeb  increases  with 
their  mean  dutance  from  the  sun.  Whence  Kepler  discovered  his 
third  fundamental  law;  namely* 

« 

IIL  The  squares  of  the  times  of  the  revolutions  of  tfafe  planets  arc 
to  each  other  as  the  cubes  of  their  mean  distances. 

The  ellipses*  which  the  pbnets  describe,  however,  are  not  unal- 
terable. Their  major  axes  qpipear  tp  be  always  the  same  i '  but  their 
eoceiitiichies*  the  positions  of  their  pcriheUon  and  nodes,. together 
whh  the  inclination  of  their  orbits  to  the  cdlpUc,  seem  to  ^ary  inn 
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course  of  yean.  These  variatioiiB»  bciyg  seniiiMr  onlyiBS  seiiesof 
ages»  are  called  secular  inequalities.  There  is  qo  doi|ht  of  their 
exidCeDce;  but  the  modem  ohsenratious  not  bring  soffidentljf  ezten- 
si?ej  and  the  ancient  not  sufficiently  exact,  then  still  rests  some  ^ 
gree  of  uncertainty  as  to  their  niagoitude«  The  following  Ttfrfe  will 
show  Ihe  inequalities  that  happen  in  a  period  of  one  bnndlwd  years, 
and  are  the  values  that  appear  to  accord  best  with  the  piesent 
observations. 


Skculab  Inbqualitibs  ov  thb  Planets. 

The  sign  —  tignifiet  a  MHrninmiion, 


Pkmetfl. 


Intfie 
Eccentricity. 


lathe        I        Istke        I       Inthe 
Peribelioo.    f  locliiwtlMk    (PlAce  oTl^IoM 


0*  i9onoi 


O""  00561SH)*  241441 
*0<>  001405  -^<>  677 


Mercury       -000003967 

Venus  ..  ^-00006271  lUO"*  082663 

Earth  •• —000041682  O^" 364140 

Mars    ..      -000090176  0®  488405    ^    ^ 

Jupiter..      -000159350  0<>  204895 --«<>  006978U-0'' 

Saturn  . .  —00031240a  0«  597B6oUo*  004788Uo» 

Uranus..'-— 000025072)  00  0738691    0^  000967^-1'' 11048 


4  •  •  •  I 
000447 


There  are  also  some  inequalities  which  aftct  the  dl(pticalBMiiioB 
of  the  planets.  That  of  the  earth  is  a  little  altered.  But  they  aire 
most  sensible  in  Jupiter  and  Saturn;  for  it  appean  that  the  dpni* 
ticm  of  their  revolution  round  the  sun  is  subject  to  a  periodical 
variation. 

Meramf. 

Mercury  b  the  nearest  planet  to  the  sun;  its  mean  distance  heiag 
*d87,  that  of  the  earth  being  coimdered  as  uni^«  This  makn  his 
BMan  distance  ab^re  86  millions  of  miles» 

He  performs  bb  sidereal  revolution  m  87  28^  18'  43"^9«od  his 
mean  synodical  revolution  in  about  116  days. 

The  eceeotridty  of  his  orbit  is  *2055;  half  die  rnqor  axis  being 
taken  as  equal  to  unity. 

His  mean  longitude,  at  the  commencement  of  the  present  century, 
was  in  5*  23- 56' ^',0. 

The  Umgitud^  of  his  peiihelioa  w«^  at  the  same  time,  in  2"  U*  21' 
46^9*  The  line  of  the  apsides  has  a  sidjeiwal  motion,  according  tp 
the  order  of  the  signs,  equal  to  9^  43%§  m  a  cealury..  But«  if  re- 
ferred to  the  ecliptic,  this  motion  will  (owing  to  the  precessioo  of 

l3 
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the  eqninoctial  pomts)  be  cqnal  to  55^,8  b  a  year;  or  to  1*  3^ 
19^9610  a  century* 

Hb  orbit  is  inclined  to  the  plane  of  the  ecliptic  in  an  angle  of  7*  (/ 
9^1 ;  which  angle  is  subject  to  a  small  increase  of  about  18^2  in  a 
century. 

His  orbit,  at  the  conmencenient  of  the  present  centary,  crossed 
the  ediptic  in  1*  15°  57^30^^;  having  a  sidereal  motion  to  the 
westward  every  century,  of  13'  ^',2.  But,  if  referred  to  the  eclip* 
tic,  the  place  of  the  nodes  will  (on  account  of  the  precession  of  the 
equinoxes)  fall  more  to  the  eastward  by  42^,3  in  a  year,  or  1*  10^ 
2Y'fi  in  a  century. 

The  rotation  on  his  axis  is  ateoniplished  in  1^  0"  5'28f\3.  But 
the  inclination  of  its  axis  is  nor  known. 

[The  diameter  of  Mei^ury  is  about  3 123  miks ;  wliich,  compared 
with  the  earth's  diameter  considered  as  unity,  is  about  «3944-] 

Hit  mass,  compared  with  that  of  the  sun  considered  as  nnity,  is 

laiisis-  , 

[The  pnqpoiiion  .of  T^ht  and  heat  received  from  the  sun  is  aboot 

6*68  times,  greater  than  on  our  planet] 

As  seen  from  the  earth.  Mercury  never  appears  at  any  great  dis- 
tance from  the  sun ;  either  b  the'  morning  or  the  evening.  His 
elongation,  or  angular  distance^  iraries  from  16"  12'  to  28"*  48^. 

His  course  ^ometnnes  appears  retrograde.  The  mean  arc,  which 
it  describes  in  this  case,  is  about  13*  3(/;  aud  its  mean  duration  u 
about  23  days ;  but  there  is  great  difference  in  this  respect.  This 
retrogradation  commences  or  finishes  when  he  is  about  IS*  distant 
from  the  sum 

Mercury  changes  his  phases,  like  the  moon,  according  to  his  vari* 
ous  positions  with  regard  to  the  earth  and  sun :  but  thb  cannot  be 
discovered  without  the  aid  of  a  telescope.    Hb  mean  apparent 

diameter  b  6^,9* 

[Mercury  b  sometimes  seen  to  pass  over  the  sun*s  disk ;  which 
can  only  happen  when  he  is  in  his  nodes,  and  when  the  earth  b  in  the 
'same  longitude.  Consequently  this  phaenomemm  can  take  phice 
only  in  the  month  of  May  or  November.  The  first  observation 
of  thb  kind  was  made  by  Gassendi  in  November  l631 ;  nnce  which 
period  they  have  been  frequent.  The  next  appearance  of  thu  kind 
will  be  in  November  1815.] 
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ItausperfiNvubcrticlewrifefolBtioontM^  and 

her  ineui  flgrnorfical  levolotion  is  about  584daji. 

Her  meaD  distance  ftom  tiie  sun  is  733  ;  that  of  the  earth  beiof 
considered  as  unity.  Tbis  makes  her  mean  dirtanoe  nearly  68  nlil- 
lions  of  miles. 

Theeccentficity  of  berofbitis  "0069;  half  the  mi^r  axis  being 
oonsidered  as  unity.    Sheis  the  least  eccentric  of  all  the  phmets. 

Her  Bcan  kmgitode,  at  the  oommencemeni  of  the  present  een- 
tury,  was  hi  a  lOr  4  V  85^0. 

The  longitude  of  her  perihelion  was»  at  the  same  tune,ui  4*8*87' 
O''^.  Tb^  line  of  her  apsides  has  a  sidereal  motioii»  contrsiy  to  the 
order  of  the  ngns,  of  4f  27" fi  m  a  century.  But  if  referred  to  the 
ecliptic,  thb  motion  will  appear  (on  account  of  the  precession  of  the 
€i|uaMnies)  to  proceed  aecordmg  to  the  order  of  the  signs  at  therate 
of  At  A  in  a  year»  or  1*  19^2^,2  in  a  century. 

Her  offbit  b  mclined  to  the  pbne  of  tiie  ecliptic  in  an  angle  of 
8^  %3f  83^9? ;  which  angle  decreases  about  4ffi  in  a  century. 

Her  orbit»  at  the  commencement  of  the  present  centniyy  tinasid 
the  ediptie  in  2'  14*  53^  38^9*  But  the  nodes  hafo  an  appaiunt 
Bsotion  is  loqgitBdeofBlMio  ayear^or  53'3<y^3in  a  century. 

The  rotation  on  her  axis  is  peribraMd  in  38^21' 7^S;  bnt  the 
JBclinafionofher  anis  is  not  known. 

flbe  diameter  of  Venus  b  7703  miles :  consequently  sk  is  nearly 
as  large  as  the  earth.] 

Hermass»  eompased  with  that  of  the  sua  conskiered  as  unil|r,  ii 

TTITTS* 

[The  pvoportkm  of  light  and  beat»  received  by  her  fiiom  thesun. 
Is  1*91  Umes  greater  than  on  our  planet.] 

It  is  surrounded  by  an  atmosphere,  the  refractive  powers  of  which 
dUter  very  tittle  from  those  of  oiur  atmosphere. 

As  viewed  ftom  the  earth,  Venus  is  the  most  brilSant  of  all  the 
phnets  %  and  may  sometunes  be  seen  with  the  naked  eye  at  noon 
day.  She  isknownasthemommg  and  evening  star;  andneverie* 
oedes  far  from  the  inn.  Her  ehwgatkNiy  or  angular  distance^  varies 
ftom  45*  to  48*. 

Her  motion  sometimes  appears  retrograde.  The  mean  arc,  which 
she  descrilM  m  such  case,  is  aboitf  1^  13^;  and  her  mew  duration 

L  4 
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is  about  42  days.  This  retrogradation  commences,  or  finbbeSy 
wben  she  is  about  28"*  4H'  distant  from  tbe  sun. 

Vesos  cbaoges  her  (diatti^  like  the  iiiooii>  acdording  to  her  pM« 
tioD  vitb  respect  to  iht  ami  and  the  earth :  which  causes  a  very  cimh 
aidcnible  diffieredce  io  her  briUiancy. 

Her  mean  apparent  diameter  b  lT\0;  her  greatest  apparent 
diameter  is  about  5f'^ 

[Venin  is  sometinies  seen  to  pass  orer  tbe  sun's  disk ;  which  can 
happen  only  when  she  is  in  her  nodes^  and  when  the  earth  is  hi  the 
sanM  longitude.  Consequently  it  can  take  place  only  in  the  months 
of  June  or  December.  Three  of  these  transits  have  been  already 
observed :  one  m  l6$9,  one  in  June  I76lf  ted  one  in  June  176$- 
There  wiU  not  be  another  till  the  8th  of  December  1874] 

T/ie  Earth. 

» 

The  Earth  which,  we  inhaUt  is  also  one  of  the  planets  that  re« 
volve  about  the  sun.  It  perfarms  its  sidereal  revolution  in  36fl**  9" 
^  W'J^ :  but  the  time  eaaployed  in  going  from  one  tropic  tp  tbe 
other  is  only  365^5^  48'  hX^fi.  The  tropical  year  is  abojut  1  V\% 
shorter  than  it  was  at  the  time  of  Hipparchus. 

Its  pieau  distance  ftom  the  son  is  23578  timea  its  own  settii-dia« 
meter :  whence  it  is  above  93  millions  of  oifles  distant  from  that 
huniaary.  If  this  otean  distance  he  taken  equal  to  unity,  we  shall 
have  its  distance  at  the  perihelion  equal  to  *98da^;  and  its  distance 
at  the  apbdion  equ^l  to  1*0168. 

The  eccentricity  of  its  orbit  is  -0168:  half  the  major  axis  beuig 
considered  as  unity.  Theniajdr  axis,  therefore,  will  be  to  the  minor 
axis  of  the  orbit,  in  the  proportion  of  1  to  *g943g. 

Its  mean  longitude  at  the  commencement  of  the  preseet  century^ 
was  3'  10°  9'  13^0. 

.  Its  velocity  varies  in  diffiereot  parts  of  its  orbit.  like  all  the 
other  planets,  it  is  most  rapid  in  its  periheiion»  and  slowest  in  ita 
aphelion.  In  the  former  point  it  describes  an  arc  of  1^  l'  ^S  in 
the  ooufrse  of  a  day;  and  m  the  latter  point  it  describes  an  arc  of 
only  bl'  \\'\b  in  the  same  period.  The  mean  velocity  is  &Sl  ^>7 
each  day. 

The  mean  longitude  of  its  perihelion  at  the  commencement  of 
the  present  century  was. 3'  ^  3(/  6"fi.  But  the  Ime  of  the  apsides 
has  a  durect  sidereal  motion  of  ]9'40f',8  iu  a  century;  which* 
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being  refentd  to  the  ecliptic,  will  give  it  «  motion  (according  to 
the  order  of  the  signs)  of  1'  1"^  in  «  y»r»  or  T  43^  l&fi  in  n 
centuiy.  A  complete  revolution  round  the  line  of  the  apsides  is 
called  the  anomalistic  year;  and  is  performed  m  SGi**  d**  14^  3^. 
ITie  perilielion  coincided  with  the  vernal  equinox  about  the  jear 
4089  before  the  Christian  sera.  It  coincided  with  the  summer 
solstice  about  the  vear  1260  after  Christ ;  and  will  coincide  with 
tlie  autumnal  equinox  about  the  year  €483.  A  complete  tropical 
revolution  of  the  apsides  is  performed  in  aOQS  I  years. 

The  axis  of  the  earth  is  inclined  to  the  plane  of  the  ecliptic  in  an 
angle  of  23**  37^  5f\0i  which  angle  is  observed  to  decrease  at  the 
rate  of  52'^  I  in  a  century.  But  this  variation  of  the  angle  is  con- 
fined within  certain  limits;  and  cannot  exceed  2°  42^. 

The  annual  intersection  of  the  equator  with  tlie  ecliptic  is  not 
always  in  the  same  point :  but  is  retrograde,  or  contrary  to  the 
order  of  the  signs.  Consequently  the  equinoxial  points  appear  to 
move  forward  on  the  ecliptic;  and  whence  this  phenomenon  is 
called  the  precession  of  the  equinoxes*  The  quantity  of  this 
annual  diange  is  M\  1  j  or  1*  23^  3(f'  in  a  century.  A  complete 
revolution  is  performed  in  25868  years. 

The  sidereal  day»  or  the  time  employed  by  the  earth  in  revolv* 
ing  oo  its  azifl^  is  always  the  same.  Its  dinmal  rotation  has  not 
varied  tlie  hundiedtb  part  of  a  second^  since  the  time  of  Hippar- 
chns»  If  the  mean  astronomical^  or  civil,  day  be  taken  equal  to 
21  hours,  the  duration  of  the  sidereal  day  will  be  23**  50^  4'',1. 

The  astronomical,  or  civil,  day  is  constantly  changing.  This 
variation  arises  from  two  causes;  l.The  unequal  motion  of  the 
earth  in  its  orbit ;  2.  The  obliquity  of  that  orbit  to  the  plane  of  the 
equator.  [The  mean  and  apparent  solar  days  are  never  equal, 
except  when  the  sun  s  daily  motion  in  right  ascension  b  50^  S'^. 
This  is  the  case  about  April  l6th,  June  l6ih,  September  1st,  and 
December  25th;  on  these  days  the  difference  vanbhei^  or  nearly 
io»    It  is  at  its  greatest  about  November  1st,  when  it  is  l6'  l6^] 

The  astronomical  year  is  divided  uito  four  parti,  determined  by 
the  two  equinoxes  .and  the  two  solstices.  The  interval  between  the 
vernal  and  autumnal  equinoxes  is  (on  account  of  the  eccentricity  of 
the  earth's  orbit,  and  its  unequal  velocity  therein)  near  eight  days 
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loDfer  tbm  the  interfal  between  the  totamnil  and  fenml  equiooies. 
Tbeie  htervab  tte,  at  preieoti  nearly  at  fellow: 


Ffom  the  tpring  equinoz  to  the  aumO      *  ^  T*  ^ 

inerto|gtic«. >..i^«i«j       ^    i.  * 

."WW.  •■•••••••••••••••••^        ^  ^^  _^  _^  ^^ 

FroiD  the  summer  solstice  to  the  au-  ^     03  15  35  i 
tnmnal  equinox • 5*  ^ 

From  the  antumnai  equioos  to  the  |     aa  1^47 
whiter  solstice.  •••••••••••••••..  I**  t 

From  the  winter  solstice  to  the  spring  >     80    1  42 

equinox 3** 

7  16  51 

The  nutation  of  the  earth's  axis  b  19^,3.    / 

Light  takes  8'  Id^.S  to  come  from  the  8un  to  the  earlh.  But  in 
thb  interval  the  earth  has  moved  20^,2  in  its  orbit.  This  motion 
of  the  earth  produces  an  optical  illusion  in  the  light  which  comes 
from  the  stars;  and  which  Bradley  calls  the  aberration  of  light. 

The  6gure  of  the  earth  b  that  of  an  oblate  spheroid;  the  axu  of 
the  poles  bemg  to  tbe  diameter  of  the  equator  as  33 1  to  332*  The 
mean  diameter  of  the  earth  b  about  7916  miles ;  its  equatorial 
diameter  b  79^  miles. 

As  a  necessary  consequence  from  thb  chrnmstance,  the  degrees 
of  latitude  increase  fai  length  as  we  recede  from  the  equator  to  the 
poles.  But  different  meridmns,  under  the  same  latitude,  present 
different  results.    The  general  fact,  however,  b  well  ascertamed. 

The  density  of  tbe  earth  b  3*9326  times  greater  than  that  of  the 
sun,  and  b  to  that  of  water  as  II  to  2. 

Its  mass,  compared  with  that  of  the  sun  considered  as  unity,  b 


TnWp 


The  centrifiigal  force  b  greater  at  the  equator  than  at  the  poles : 
in  consequence  of  which,  bodies  lose  part  of  their  weight  by  being 
taken  towards  the  equator.  If  the  gravity  of  a  body  at  the  equator 
be  represented  by  unity,  its  gravity  at  the  poles  will  be  increased  by 
-00569.  A  pendulum,  therefore^  which  vibrates  seconds  in  tlie 
higher  latitudes^  must  be  shortened  at  the  equator  in  order  to  ren- 
der tbe  oscillations  isochronous.  [A  pendulum  39'197  inches  long 
will  swing  seconds  at  the  poles ;  but,  in  order  that  it  may  swmg  se- 
conds at  the  equator  it  must  be  reduced  to  39*097  inclies.J 
The  centrifugal  force  at  the  equator  b  nearly  if^th  of  gravity. 
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If  the  rotation  of  the  earth  were  17  times  more  rapid,  the  centri- 
fagal  foice  woald  be  eqaal  to  that  of  gravity ;  aiid  bodies  at  the 
equator  woald  not  hare  any  weight. 

A  lare  atid  elastic  fluid  surronnds  the  earth,  which  is  called  the 
atmosphere.  Neither  the  temperature  nor  the  density  of  this  fluid 
u  uniform ;  bnt  diminishes  in  proportion  to  its  distance  from  the 
surface  of  the  earth,  and  is  also  afi^ted  by  other  circumstancei. 

If  the  density  of  the  atmosphere  were  erery  where  the  same» 
and  its  temperature  at  aero,  and'  the  height  of  the  barometer  at 
^9*92196  inches,  the  height  of  the  atmosphere  would  be  7t067 
feet;  or  3*7  miles. 

The  atmosphere  is  a  heterogeneous  substance.  Out  of  1 00  parts, 
79  are  azotic  gas,  and  the  remaining  31  are  ozygen  gas.  This  is 
found  to  be  nniirersaJly  the  case,  in  whatever  season  or  whatever 
climate  the  experiment  be  tried.  This  proportion  is  also  found  to 
exist  in  the  highest  ponits  of  the  asmbsphere  that  have  been  reached 
by  means  of  ballooiis. 

-  A  body  projected  horizontally  to  the  distance  of  about  4*35 
miles,  if  there  were  no  resistance  ic  tlie  atmosphere,  would  not  611 
ngam  to  the  sorftce  of  the  earth,  but  would  revolve  round  it  as  a 
satellite;  the  centrifngal  force  being  there  equal  to  its  gravity. 

-  The  rays  of  light  do  not  move  in  a  straight  Noe  through  the  at« 
-WMsplwre ;  but  are  inflected  continually  towards  the  earth :  so  that 
the  stars  appear  more  elevated  on  the  horizon  than  they  really  are. 

We  find,  from  the  most  accurate  observations,  that  the  refraction, 
-^bich  the  sitmosphere  produces,  is  independent  of  its  temperature, 
and  proportional  To  its  density.  But,  as  the -density  varies  accord- 
ing to  the  temperature;  it  is  necessary  to  attend  not  only  to  the 
state  of  the  barometer,  but  also  of  the  thermometer. 

The  humidit]f  of  the  air  produces  very  little  cfllsct  on  its  refractive 
-powers,  and  may  therefore  be  safely  omitted; 

The  temperatitra  of  the  whole  atmosphere  being  supposed  at 
zero,  its  density  will  diminbh  in  a  geometridd  progression,  accord- 
ing to  its  distance  from  the  surface  of  the  earth :  and  we  find  by 
experience,  that  the  he%ht  of  the  iMromefer  being  29-92  inches, 
the  refractido  at  the  horizon  n  39^  54^,7.-  It  would  be  only  30^ 
S4'^l  if  its  density  diminished  In  arithmetical  progression ;  and 
would  be  nothing  at  the  suriaoe.  The  horizontal  refraction,  which 
we  observe  abont  BIf  0^,0  Is  a  mean  between  these  limits.         ^ 
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When  the  appareot  beiglit  of  a  star  apoo  the  hcNritfoo  does  not 
exceed  ekven  degrees,  its  sensible  refraction  depends  only  on  the 
state  of  the  barometer  and  thermouieter  in  the  place  of  obaerfsih 
lion;  and  it  is  nearly  proportional  to  the  tangent  of  the  appatent 
distance  of  the  star  from  the  aenith»  dimmished  by  3}  tines  the ' 
respondug  refractioo  at  this  distaaoe,  the  thcrmonieter  being 
dered  as  at  the  freezing  pomt  and  the  barometer  as  at  29'S2  inches. 
From  these  principles  have  been  formed  the  Tables  of  Refraction, 
corresponding  to  the  sevcnd  variations  in  the  scale  of  the  IhemK^ 
meter  and  barometer. 

The  action  of  the  son  and  moon  has  a  considenible  efiect  on  the 
water  of  the  ocean,  and  produces  the  phsniomena  of  the  tides. 

The  sea  rises  and  falls  twice  in  each  interval  of  time  comprised 
between  the  consecutive  returns  of  the  moon  to  the  same  meridiam 
The  mean  interval  of  these  returns  is  I**  0^5(/  2^'J^  ;  consequently 
the  mean  mterval  between  iwo  followmg  periods  of  high  water 
is  13^  25'  U'',3.  So  that  the  retardation  in  the  time  of  high  water, 
from  one  day  to  another,  is  5(/  28^'  m  its  mean  state :  and  it  is  af- 
fected by  all  those  causes  which  mfluence  the  moon's  motion. 

Tliis  retardation  varies  with  the  phases  of  the  moon.  It  is  at  its 
nunimum  towards  the  syiigies  when  the  tides  are  at  their  maxunnm, 
and  it  b  then  only  36' 57^1.  But,  when  the  tides  are  at  their  mi- 
nimum, or  towards  the  quadratures,  it  is  then  the  greatest  poa» 
sible;  and  amounts  to  1^  14'58'',8. 

The  variation  iu  the  distances  of  the  son  and  moon  from  the  earth 
(and  particularly  the  moon)  has  an  influence  also  on  this  retardn- 
tion.  Each  miuute  in  the  increase  or  diminution  of  the  appnrant 
diameter  of  the  moon  augments  or  diminishes  this  retardation  3' 
42^9  towards  the  syzigies;  but  towards  the  quadratures  the  effecjt 
is  three  times  les9. 

The  daily  retardation  of  the  tides  varies  likewise  with  the  decli- 
nation of  the  sun  and  moon.  In  the  sycigiesi .  at  the  time  of  the 
solstices,  it  is  about  71  13'^9  greater  than  in  iU  mean  state ;  and  it 
is  diminished  in  the  sanie  proportion,  at  the  time  of  the  equinoxes. 
On  the  coutrary,  m  the  quadratures,  at  the  time  of  the  equnu>xes» 
it  exceeds  its  mean  state  by  7^49^,2;  and  is  inn  similar  manwr 
diminished  by  this  quantUya  at  the  tune  of  the  solstices. 

The  height  of  the  tid^is also  considerably  influenced  by  all  those 
trauses  which  have  been  just  mentioned ;  and  depends  oO  the  phases 
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.incl  poiilkiD  of  tbe  moon  k  her  orbit  IttsgreatMwlwnlbenMKm 
IB  in  the  tjn^cs ;  and  u  dtnumrfied  m  die  quadratures.  The  dis* 
taaoe  Ukewiae  of  the  son  and  bnmmi  tfauL  the  eaifh>  as  weH  as  thehr 
decUDation,  has  a  material  efleet  apon  Ae  height  of  the  tides. 

Art  the  state  of  tie  tid^  is  so  modified  bj  the  uture  and  position 
of  the  coasts,  the  depth  of  the  channel,  the  operation  of  the  wuds^ 
and  by  other  causes,  that  the  above  laws  will  not  ahnrjs  be  found 
to  correspond  with'  the  aetual  state  of  the  tides,  particularly  near  the 
eoast,  or  hi  rifeis.  It  will  however  be  found,  fnmi  th^  taean  of  a 
number  of  obserrations,  that  the  inequalities  in  the  heights  and  in 
the  intervals  of  the  tides  have  .various  periods.  Some  are  of  half  a 
day  and  a  day ;  others  are  of  half  a  month  and  a  month ;  whibt 
Others  again  are  of  half  a  year  and  a  year:  and  some  are  the  same 
as  the  dmes  of  the  revolutions  of  the  lunar  nodes  and  apsides. 

The  action  of  the  moon  upon  the  waters  of  the  ocean  is  triple 
that  of  the  sun* 

Mars. 

Mars  is  easily  known  in  the  heavens  by  his  red  and  fiery  appear- 
ance. He  performs  his  sidereal  revolution  hi  686'  2$^  SCf  30^,0  or 
in  1*881  Julian  years :  and  his  mean  synodical  revolution  in  about 
780  days,  or  in  about  3*185  years. 

His  mean  distance  from  the  sun  is  1*524 ;  that  of  the  earth  bemg 
considered  as  unity.  This  makes  his  mean  distance  above  142  mil* 
lions  of  miles. 

'  Tlie  ecoentridty  of  Us  orbit  is  *098:  half  the  major  axis  being 
considered  as  unity. 

His  mean  lonptudei  at  the  commencement  of  the  present  century, 
was  m  2' 4*  /  S^'f  3; 

The  lon^tnde  of  hb  peribeUon  was,  at  the  same  time,  hi  11'  2^ 
Q4f  29^»g:  bnt  the  Une  of  tiie  apMes  has  an  apparent  motion,  ac- 
cording to  the  order  of  the  signs,  of  1^  6^'»9  m  a  year,  or  V  4^ 
52^,4  in  a  century. 

His  orbit  is  inclined  to  the  plane  of  the  echptic  in  an  angle  of 
!•  51'  3^5 :  which  angle  decreases  about  1 V  m  a  century. 

His  orbit  at  the  commencement  of  the  present  century  crossed 
the  ecliptic  fa  1'  IS"*  1'28'',0 :  but  the  place  of  the  nodes  has  an  ap. 
parent  motion  in  longitude,  according  to  the  order  of  the  signs,  of 
26^^,8  in  a  year,  or  44'  41^,5  hi  a  century. 
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Tbe  rotation  on  his  axis  is  performed  mVC^Sjt  21" fi :  Ad  bb 
axis  is  iodined  to  the  ecliptic  in  an  angle  of  5g^  41'  4/gf'^» 

[His  mean  diameter  is  equal  to  4398  miles:  oonsequentiy  he  is 
rather  more  than  half  the  siie  of  our  earth.] 

His  massi  compared  with  thai  of  the  son  considered  as  uutjr^  is 

[The  proportion  of  light  and  heat,  received  bjf  hun  from  the  siu^ 
u  *43 :  that  received  by  the  earth  being  considered  &s  unity.] 

He  has  a  very  dense  but  moderate  atmosphere :  and  he  is  not  ac- 
companied by  any  satellite* 

As  viewed  from  the  earth*  the  motion  of  Mars  appears  sometimes 
retrograde.  The  mean  arc  which  he  describe'!  in  this  case  is  l6^  12^: 
and  its  mean  duration  is  about  73  days.  This  retrogradation  com- 
mences^ or  finislies,  when  the  planet  is  not  more  tiian  136''  48^  from 
the  sun. 

Mars  changes  his  phases  somewhat  in  the  same  manner  as  the  moon 
does  from  her,  first  to  her  third  quarter,  accorduig  to  bb  various  po- 
sitions with  respect  to  the  earth  and  the  sun :  but,  lie  never  becomes 
comicular,  as  the  moon  does  when  near  her  coiyunctions.  His  mean 
apparent  diameter  is  ff\7:  which  augments  in  proportion  as  the  planet 
approaches  its  opposition,  when  it  b  equal  to  2gf\2, 

Hb  parallax  b  nearly  double  that  of  the  sun* 

Jupiter. 

Jupiter  b,  next  to  Venus,  the  most  brilliant  of  all  the  planets: 
whom  he  sometimes  however  surpasses  in  brightness.  He  performs 
hb  sidereal  revolution  in  4333^  14**  I8'41^\0;  or  in  11*662  Julian 
years.  But  thb  period  b  sukyect  to  some  inequalities.  He  performs 
hb  mean  sjfDodical  revolution  in  about  399  days. 

Hb  mean  dbtance  from  the  son  b  5*203 ;  that  of  the  earth  being 
considered  as  miity.  Thb  makes  hb  mean  distance  above  485  mil- 
lions of  miles. 

The  eccentricity  of  bb  orbit  b  •0483 ;  half  the  nuyor  axb  being 
considered  as  unity. 

Hb  mean  longitude  at  the  conmicncement  of  the  present  century 
was  in  3' 32^0"  86^,1. 

The  longitude  of  hb  perihelion  was>  at  the  same  time,  in  a  11*  8^ 
S5'^l :  but  the  line  of  the  apsides  has  an  apparent  motion,  accorduig 
to  the  order  of  the  signs,  of  56^^,7  in  a  yeari  or  1*34'33^',8  in  a  centniyi 
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Hh  MbU  kindfcM  tatlM  ptaMof  the  CGliplKp^ 
51^5 :  which  it  obflenred  to  decfease  oeaily  9^fi  in  a  century. 

His  orbit,  at  Iha  covmcnoeMait  cf  tba  pctaeiit  centary,  crossed 
the  ecliptic  ia  d'r  35'  34^9.    But  the  place  of  the  nodes  has  an 
appaient  UMHrni  hi  Iqngitade^  aceoidiiig  to  the  order  of  the  signs,  of 
34^^  in  a  year,  or  tf  I9f',^  in  a  century. 
.  The  rotation  on  h^  axis  is  perfemed  in  9^  JJ' 49^^? :  andhisaxis 
forms  an  amie  of  80*54'  80^,0  with  the  plane  of  the  ecliptic    . 

[His  mean  diameter  b  equal  to  gi532  miles:  consequently  he  is 
laboot  11^  times  as.large  as  our  ^arth.]  The  aiis  of  his  poles  is  to 
his-equatorial  dimneter  a*9287  to  1,  Of  as  13  to  14b 

.  Ubmass,  coaspared  with  that  of  the  sun  coosidefed  as  unity,  k 
-rvTT'vj'  ^ut  his  density  is  -popsoi, 

[The  proportion  of  light  and  heat,  received  fiom  the  sun,  is  "OS/: 
that  leceived  by  the  earth  being  considered  as  unity.] 

He  is  snrroonded  by  fabt  substances  called  tones  or  belts; 
which  are  supposed  to  be  parts  of  his  atmosphere.  '  And  he  is  ac- 
companied by  four  satellites. 

A  body,  which  weighs  one  pound  at  the  equatorial  surfiMse  of  the 
earth,  would,  if  removed  to  the  sar&ce  of  Jupiter,  weigh  2*881 
pounds; 

As  seen  from  the  earth,  the  motion  of  JiqMterappean  sometimes 
to  be  retrograde.  The  mean  arc  which  lie  describes  in  this  case 
is  about  9*  54':  and  iU  mean  duration  is^bout  121  days.  Thb  rc- 
tfogrtdatjon  conunences,  or  finishes,  when  the  planet  b  not  more 
dblantthanll5**  12"  ftom  the  sun. 

Hb  mean  apparent  equatorial  diameter  b  38^,S :  it  b  greatest 
whan  m  opposition,  at  whidi  thne  it  b  equal  to  Af'fi. 

Saturn. 

Satmrn  perferma  Ut  sidereal  revolution  in  10758  23*'  16^  Z4",2 ; 
•r  in  319*456  Julian  years.  But  thb  period  b  subject  to  some  ine- 
qualities. Hb  mean  synodical  revolution  b  performed  m  about 
378  days. 

Hb  mean  distance  firom  thesun  b  9*539;  that  of  the  earth  being 
considered  as  unity.  Thb  makes  hb  mean  dbtance  above  890 
millions  of  miles. 

The  eccentricity  of  hb  orbit  b  •0502;  half  the  major  axb  hmg 
taken  as  um'ty. 
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Hk  mean  loogitudc,  at  the  commeiKeiiwHt  of  the  present  century, 
WBf  10  4*  15*30"  ai^'A 

The  longitude  of  his  perihelion  was.  at  die  Mme  time,  in  9'-agr 
9f  BfS'  but  die  line  of  the  apsides  has  an  apparent  niotiiMi  in 
longitude,  according  to  the  order  of  the  signs,  of  1'  9^,5;  ill  il  fM, 
or  !•  55'  47" A  in  a  century. 

His  <Ml>it  is  inclined  to  tlie  plane  of  the  ecliptic  in  an  angle  of 
2*  2Sf  88^>1 :  which  u  observed  to  decrease  about  15^,5  m  a 
century. 

His  orbit,  at  the  cominencement  of  the  present  century,  croassd 
the  ecliptic  in  in  3*21*  85-  Aff'fi :  but  the  place  of  the  nodes  hasaa 
apparent  motioB  in  longitude,  acoorcHng  to  the  order  of  the  siga^ 
of  ^7" A  in  ^  y^O  or  4^  43^,5  in  a  century. 

The  rotation  on  his  axis  is  performed  in  lO**  l&  19^,2 :  [and  the 
axis  is  iDclined  in  an  angle  of  58**  41'  to  the  plane  of  the  ecliptic] 

[His  mean  diameter  is  76068  miles:  consequently  he  is  nearly 
10  times  as  laige  as  our  earth.]  The  axis  of  hb  poles  is  to  bis 
equatorial  diameter  as  11  to  12. 

Hb  nuus,  compared  with  that  of  the  sun  considered  as  unity,  b 
tstV'vt  [^^  b"*  density  b  06.] 

[The  proportion  of  light  and  heat  received  from  the  sun  b  *0011 ; 
that  received  by  the  earth  being  considered  as  unity  J 

Saturn  b  sometimes  marked  by  aoiies  or  belrs;  which  are  pro- 
bably obscurations  in  hit  atmosphere.  And  he  is  accompanied  by 
seven  satellites. 

The  most  singular  phenomenon,  however,  attending  thb  planet, 
is  the  double  ring  with  vrfaicfa  he  is  surrounded. 

Thb  ring,  which  b  very  thin  and  broad,  b  inclined  to  the  plane 
of  the  ecliptic  in  an  angle  of  31®  l^  \7f\0\  and  revolves  from  west 
to  east,  in  a  period  of  10^  29^  10^|8,  about  an  axis  perpendicular  to 
its  pUine  and  passing  through  the  centre  of  the  planet. 

The  breadth  of  the  ring  b  nearly  equal  to  its  distance  from  the 
surface  of  Saturn :  that  b,  about  \  of  the  diameter  of  the  planet. 

The  surface  of  the  ring  b  separated  in  the  middle  by  a  black  con* 
centric  band,  which  divides  it  into  two  distinct  rings. 

Hie  edge  of  thb  nog,  being  very  thin,  sometimes  disappears : 
and,  as  this  edge  will  present  itself  to  the  nm  twice  in  each  revolo- 
tkn  of  the  planet,  is  is  obvious  that  the  disappearance  of  the  ring 
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itill  oecv  tbrnit  OBoe  ifl  IS  yap ;  ImiI  mder  drenntaDccs  ofteiw 
thnM  itfj  didltifBta 

[The  inteiBeetioD  of  the  ring  and  the  ed^  it  hi  5'M^  and 
irso^;  ooMequcBtly,  when  Satam  ii  ki  cither  •£  thoferignib  hit 
nag  will  be  iafiiible  to  w.  On  the  contrary^  when  he  it  hi  2*  fO^. 
or  8"  20**,  we  may  ace  it  to  mott  adtantage.  Thit  wat  the  cate  to» 
wards  the  end  of  the  year  1811.  Regard,  however,  must  be  had 
to  the  podtion  of  the  earth.] 

As  viewed  from  the  earthy  the  motioB  of  Saturo  sometimet  ap» 
peart  retrograde.  The  mean  arc  which  he  describes  in  this  case  ii 
abovt  6®  18^:  and  its  duration  is  nearly  139  ^y^  ^i*  retrogra- 
datioo  commences,  or  fiuishes,  when  the  planet  is  distant  abooC 
108^  M' from  the  sun. 

His  mean  apparent  diameter  is  17^,6. 

Telescopic  Planets. 

Vranns  was  discovered  by  Dr.Herschel,  March  13»  17^^»  who 
gave  it  the  name  of  the  Gtor^m  Suhtt.  It  performs  its  tidereal  re- 
volution m  30088'  17^  &  l6',2;  or  inabout  84  Julian  years:  and  it 
is  |m>bably  situated  at  the  coufines  of  the  planetary  syttein. 

Its  distmice  from  the  sun  is  upwards  of  1800  millions  of  adies: 
and  its  apparent  diameter  is  scarcely  5''»9* 

Ito  mas^  compared  with  that  of  the  son  oonsidertd  at  nnity»  is 

TTsar* 

Sis  satellites  accompany  tUs  planet ;  which  move  m  oihits  nearly 

perpendicnhtf  to.the  |^oe  of  the  ediptic 

Tbe  elements  of  the  four  remaining  telescopic  ptanett  are  not  jet 
atcertmned  with  tuffident  piecisioii* 

Satellites. 

The  mmher  of  satellite  m  oar  system^  at  pivtent  known*  it 
dghteen :  namely,  the  Moon  which  revolves  round  the  earth;  four 
timt  behmg  to  Japitor,  tieven  to  Saturn,  and  six  to  Uranns.  The 
moon  is  the  only  one  visible  to  the  naked  eye. 

They  all  move  round  their  pnasaiy  phnets,  as  thehrcentre*  by  tbe 
tanMlawsastboteprimaryonet  move  round  the  snu:  namely* 

L  Theoibit  of  each  satellite  is  an  ellipse  of  wUch  the  primary 
planet  ooenpiet  one  of  the  foci« 
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II.  The  areas,  described  about  the  primary  pianet,  by  the  radius 
vector  of  the  satellite^  are  proportional  to  the  times  employed  in* 
describing  them. 

III.  The  squares  of  the  tiroes  of  the  revolutions  of  the  satelUtei^ 
round  their  respective  primary  planets,  are  to  each  other  as  the 
cubes  of  their  mean  distances  from  the  primary. 

Moon. 

The  motions  of  the  moon  aire  exceedingly  eccentric  and  irregulaTi 
She  performs  lier  mean  sidereal  revolution  in  27^  7^  43'  11"^.  Bat 
this  period  is  variable :  and  a  comparison  of  the  modem  observa- 
tions with  the  ancient  proves  incontestably  an  acceleration  in  her 
mean  motion.  Her  mean  tropical  revolution  is  2^^  f"  43'4^\7'>  ^^ 
her  meau  svnodical  revolution  is  2ff*  12^  44'  2",8. 

Her  mean  distance  from  the  earth  is  29*982175  times  the  diame- 
ter of  the  terrestrial  equator ;  or  above  237  thousand  miles. 

The  eccentricity  of  her  orbit  is  *0548553 ;  the  mean  distance 
from  the  earth  being  taken  equal  to  unity.  But  this  eccentricity  is 
variable  hi  each  revolution. 

Her  mean  longitudcy  at  the  commencement  of  the  present  century^ 
ivasin3'21<'  36' 42^,1. 

Her  velocity  varies  in  different  parts  of  her  orbit.  She  is  swiftest 
in  her  perigee  (or  pouit  nearest  the  earth)  ;  and  slowest  when  in 
tier  apogee  (or  point  furthest  from  the  earth).  Her  mean  diurnal 
velocity  is  equal  to  13^  liY  34''^9,  or  about  13  times  greater  than 
that  of  the  sun. 

The  greatest  equation  of  her  centre  is  6^  \T  S4'\5. 

The  mean  longitude  of  her  perihelion  was,  at  the  commencement 
of  the  present  century,  in  8*  26^  6'  5'\\  ;  but  the  line  of  the  apsides 
has  a  motion,  according  to  the  order  of  the  signs.  The  period  of  a 
sidereal  revolution  of  the  apMdes  is  3232''  13^  5&  16'^8,  or  nearly  9 
years.  The  period  of  a  tropical  revolution  of  the  apsides  is  but 
323 IMI^  24'. 8^6.  But  these  periods  are  not  uniform;  for  they 
have  a  secular  irregularity,  aud  are  retarded  whilst  the  motion  of 
the  moon  itself  is  accelerated.  The  period  of  an  anomalistic  revo* 
lutiou  ot  tlie  moon  is  27^  13^  18'  3?^4. 

Her  orbit  is  inclined  to  the  plane  of  the  ecliptic  in  an  angle  of 
50  g^.  but  this  mclination  is  variable.  The  greatest  inequality, 
which  sometimes  extends  to  8'  47^^1|  is  proportional  to  the  co-siue 
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cf  the  angle  oo  which  the  meqiialilj  in  the  motion  of  the  nodes 
depends. 

Her  orbit,  at  the  commencement  of  the  present  century*  crossed 
the  ecliptic  in  Ot  \5^  95^  2ff'fi ;  but  the  phice  of  her  nodes  is  va- 
riable.  They  have  a  retrograde  motion,  and  make  a  sidereal  revolu- 
tion in  6793''  10^  €t  80^,0 ;  or  in  aboat  18*6  Julian  years.  Thn  va* 
nation,  however,  n  subject  to  many  inequalities;  of  which  the 
greatest  is  proportional  to  the  sine  of  double  the  distance  of  the 
moon  from  the  sun ;  and  extends  to  1*  3f  4^,0  at  its  maximum, 
A  synodical  revolution  of  the  nodes  is  performed  in  346^  14*^  &i 
43ffi»  The  motion  of  the  nodes  is  subject  also  to  a  secular  ine- 
quality, dependent  on  the  acceleration  of  the  moon's  mean  motion. 

The  rotation  of  the  moon  on  her  axis  is  equal  and  uniform ;  and 
it  u  perfonncd  in  the  same  time  as  the  tropical  revolution  in  her 
orbit,  whence  she  always  presents  nearly  the  same  hce  to  the  earth. 
But,  as  the  motion  of  the  moon  in  her  orbit,  is  periodicatty  variable^ 
we  sometimes  see  more  of  her  eastern  edge,  and  sometimes  more  of 
her  western  edge.  This  appearance  is  called  the  libration  of  the 
moon  in  longitude. 

The  axis  of  the  moon  is  inclined  to  the  plane  of  the  eciiptie.  ia 
an  angle  of  88*  29^  4gf'.  In  consequence  of  this  position  of  the 
moouj  her  poles  alternately  become  visible  to,  and  obscured  ftom 
ns :  and  this  phenomenon  is  called  her  h'bration  in  hititiide. 

There  is  also  another  optical  deception  arismg  from  the  moon 
Mngseenfrom  the  sorfiice  of  the  earth,  intfead  of  the  centre.  Thb 
appearance  is  called  her  diurnal  libration. 

There  are  other  inequalities  in  the  moon's  motion^  arismg  from 
the  action  and  influence  of  the  sun.    The  principal  of  these  are, 

1.  The  evection ;  whose  coustant  effect  is  to  diminish  the  equa- 
tion of  the  centre  in  the  sysigies,  and  to  augment  it  in  the  quadra- 
tures. If  this  diminution  and  increase  were  always  the  same,  the 
evection  wouM  depend  only  on  the  anguhur  distance  of  the  moon 
from  the  sun ;  but  its  absolute  value  varies  also  with  the  distance 
of  the  moon  from  the  perigee  of  its  orbit  Afler  a  long  series  of 
observations,  we  are  enabled  to  represent  this  inequality  by  sup- 
posing it  equal  to  the  sine  of  douUe  the  distance  of  the  raooo  from 
the  sun,  mmus  the  distanoe  of  the  moon  from  its  perigee.  At  its 
maximum^  it  amounts  to  1^  18'3'^4. 

2«  The  variation ;  which  disappears  in  the  syzigies  and  quadra* 
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tnrttp  awl  bgrcattst  ia  the  octants.  It  is  tben  eqnal  to  31'  44^»l  s 
whence  it  is  proportional  to  the  suie  of  double  the  distance  of  the 
noon  from  the  snn.  It9  duration  is  half  a  synodical  revolutioii  of 
the  moon. 

S.  The  annual  equation ;  which  follows  exactly  the  same  law  aa 
the  equation  of  the  centre  of  the  sun,  with  a  ooiitniry  sign.  For^  whea 
the  earth  is  in  its  perihelion,  the  orbit  of  the  moon  b  enlarged  hj 
the  action  of  the  snn;  and  the  moon  therefore  requires  more  time 
to  perform  her  revolution.  But,  as  the  earth  proceeds  towards  its 
aphelion,  the  moon's  orbit  contracts.  Hence  the  period  of  this  ine- 
quality  is  an  anomalistic  year;  and,  at  its  maximum,  it  amounts  to 
1 1'  li^iO*    It  it  subject  to  a  secubu*  mequalify. 

The  fifmne  of  the  moon  is  that  of  an  oblate  spheroid  like  the 
earth.  Her  mean  diameter  is  hi  the  proportion  to  that  of  the  earth, 
as  5823  to  21332  {  or  as  1  to  3*663.  Whence  her  mean  diameter 
wUl  be  dMNit  2l(i0  miles. 

Her  ▼oluoset  compared  with  Unt  of  the  earth>  is  -^ ;  but  ber 
mass  is  only  x+t* 

The  apparent  diameter  of  the  moon  varies  according  to  her  dis* 
tance  from  tlte  earth.  ¥^en  nearest  to  us  it  b  33^  31^^,1 ;  but  at 
her  gieatest  distance  it  b  2j^  2l'^»9*  Her  mean  apparent  diameter 
b  31' 36^,5. 
Her  mean  horiaootal  parallax  b  equal  to  37'  34^2. 
The  phases  of  the  moon  are  caused  by  the  reflection  of  the  s«n*s 
light ;  and  depend  on  the  rehitive  positions  of  the  sun»  the  eartl^ 
and  the  moon  ' 

An  eclipse  of  the  moon  caniake  place  only  at  the  tinse  of  her  op- 
position to  the  sun ;  and  b  caused  by  her  passing  through  the  slm- 
dow  of  the  earth.  That  shadow  b  3^  times  longer  than  the  distance 
between  the  moon  and  the  earth :  and  its  breadth,  where  it  b  tra- 
versed by  the  moon,  is  about  2|  thnes  greater  than  the  diameter  of 
the  moon.  The  breadth  of  the  earth's  shadow,  where  it  b  traversed 
by  the  moon,  b  equal  to  the  difference  between  the  semidiameter 
oif  the  sun,  and  the  sum  of  the  horizontal  parallaxes  of  thesun  and 
noou. 

[The  moon  cannot  be  eclipsed*  however,  if  her  dbtance  firom  the 
place  of  her  node,  at  the  tune  oi  her  opposition*  exceeds  13®  21' ; 
but*  if  it  b  withm  7^  ^7\  timt  will  certainly  be  an  eclipse.    The 


dttfitkm  <»f  tbe  cdipte  will  depend  on  the  tpptrent  dkiaeter  of  the 
■looo,  and  on  the  breadth  of  the  shadow  at  the  pohit  where  she 
Inverses  it] 

The  sun  cannot  be  eclipsed  unless  the  moon  be  io  conjunction  | 
and  then  only  when  the  centres  of  the  sun  and  moon  are  in  the 
same  sH^ight  line  with  the  eye  of  the  spectator  on  the  earth.  In 
anch  case,  if  the  apparent  diameter  of  the  moon  be  f^realer  than  that 
of  the  Sim,  the  eclipse  will  be  total ;  but,  if  it  be  less,  it  will  be 
sanrahir.  Partial  eclipeesy  however,  may  arise ;  as  in  the  case  of 
lunar  eclipse. 

(The  sun  cannot  be  totally  obscured  for  a  longer  period  of  tiaM 
than  four  minutes ;  but  the  moon  may  be  hid  fton  our  view  Ibr  a 
much  loiter  period.] 

[The  number  of  eclipses  in  a  year  cannot  be  less  tlian  two,  nor 
naore  than  seven*] 

Eclipses  generally  return  in  the  same  order  and  magaitode  at^e 
end  of  228  lunations.  For,  in  223  mean  sy nodical  revohitioas,  tbero 
are  (S585'  7^  42'  3l'',7 ;  and,  in  Q5S5*  IS""  41^  45^6  there  are  19  n^an 
synodical  revolutions  of  the  mo6u*8  nodes.  Therefove,  at  the  end  of 
6585^  7^  42'  31  V>  the  moon's  mean  longitude  will  he  only  2ffS2f' 
behind  the  mean  pbice  of  her  nodes.  In  65S6  days  tiiere  ase  18 
Julian  years  and  1 1  days,  if  there  are  four  leap  years  in  that  penod  ; 
bot.if  there  are  fiv^  leap  years,  they  form  no  more  than  18  Julian 
years  and  10  days* 

The  atmosphere  of  the  moon,  if  it  has  any,  must  be  extremely 
attenuated ;  and  must  be  more  rare  than  that  which  we  can  prodtice 
with  our  best  air-pumps. 

The  light  of  the  moon  is800000  times  more  weak  than  that  of 
the  snn.  Its  rays,  collected  by  the  aid  of  powerful  ghsses^  do  not 
produce  any  sensible  effect  on  the  thermometer. 

The  refraction  of  the  rays  of  light,  at  the  surfiice  ai  onr  earth, 
must  be  at  least  1000  times  greater  than  the  snriace  of  the  moon. 

Volcanoes  and  monntains  are  discovered  on  her  suifiice,  by  the  aid 
of  the  telescope. 

A  body  projected  from  the  surface  of  the  moon,  with  a  momentum 
that  would  cause  it  to  proceed  at  the  rate  of  about  8200  feet  in  the 
first  second  of  thne,  and  whose  durection  should  be  in  a  line  which 
at  that  moment  passed  through  the  centre  of  the  earth  and  moon, 
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would  not  All  agtin  to  the  larfiice  of  Ihe  mooo,  but  would  becotaie 
a  satellite  to  the  earth.  Its  primitive  impulse  might»  indeed,  be  tndi 
as  to  cause  it  even  to  precipitate  to  the  earth.  The  stones,  which 
have  fallen  from  the  air,  may  be  accounted  for  m  this  manner 

Saldliies  of  JvpiUr. 

By  the  aid  of  the  telescope  we  may  discover  four  satellites  re- 
volving round  Jupiter.  The  sidereal  revolutions  of  these  bodies  are 
given  in  the  following  table:  together  with  their  mean  distances 
from  Jupiter,  the  semi-diameter  of  that  planet's  equator  bemg  con- 
sidered as  maSq ;  and  likewise  their  masses,  compared  with  Jupiter 
conadered  also  as  unity. 


Satellite 


I. 

IL 

UL 
IV. 


Sidereil  Rerolation. 


1'  IS**  ^'ZVM  l^  769137788148 
3  13  13  42  ,01  3  551181017849 


7  3  42  33  ,4  7  154552783970 14-752401 


Metn 
Diitanee. 


5-812964 
9-248679 


Mass. 


•0000178281 
0000232355 
0000884972 


16  16  31  49  ,7116  688769707O84125'94686o|k)OOO42659  1 


First  Satellite.  The  mcluiation  of  the  orbit  of  this  satellite  does 
not  difier  much  from  the  plane  of  Jnpiter*s  orbit.  Its  eccentricity 
is  insensible. 

Second  Satellite.  The  eccentricity  of  the  orbit  of  this  satellite 
is  also  insensible.  The  inclination  of  its  orbit,  to  that  of  its  primary, 
is  variable,  as  well  as  the  position  of  its  nodes. 

Third  Satellite.  This  satellite  has  a  little  eccentricity,  and  the 
line  of  its  apsides  has  a  direct  but  variable  motion ;  the  eccentricity 
itself  is  also  subject  to  very  sensible  variations.  Tlie  inclmation  of 
its  orbit  to  that  of  Jupiter,  and  the  position  of  its  nodes,  are  Hx 
from  being  uniform. 

Fourth  Satellite.  The  eccentricity  of  this  'satellite  is  greater 
than  that  of  any  of  the  other  three;  and  the  line  of  the  apsides  has 
an  annual  and  direct  motion  of  42'  58'^7*  The  inclination  of  its 
orbit,  with  the  plane  of  Jupiter's  orbit,  forms  an  angle  of  about 
2°  25' 48^;  but  this  angle,  aJthough  stationary  about  the  middle  of 
the  last  century,  has  lately  begun  to  increase  very  sensibly*  At  the 
same  time  the  motion  of  its  nodes  has  begun  to  diminish. 

The  motions  of  the  first  three  satellites  are  related  to  each  other 
by  a  most  singular  analogy.    For,  the  mean  sidereal  or  synodical 
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motion  of  the  fint»  added  to  twice  tbat  of  the  third,  is  constantly 
equal  to  three  timea  the  mean  motkNi  of  the  second*  And,  the 
mean  sidereal  or  synodicallongitode  of  the  first,  minus  three  times 
that  of  the  second,  plus  twke  that  of  the  thvd,  is  alwajs  equal  to 
two  right  angles. 

The  satellites  of  Ju|Hter  are  liable  to  be  eclipsed  by  passing 
through  his  shadow ;  and,  on  the  other  hand,  they  are  frequently 
seen  to  pass  over  his  disk,  and  eclipse  a  portion  of  his  surface.  This 
happens  to  the  first  and  second  satenUe,  at  every  revolution ;  the 
third  very  rarely  escapes  in  each  revolution  ;  bot  the  foi^rtli  (on  ac- 
count of  its  great  dbtance  and  inclination)  is  seldom  obscured* 

These  eclipses  are  of  great  utility  in  enabling  us  to  determine  the 
longitude  of  places,. by  their  observation ;  and  they  likewise  exhi- 
bit some  curious  pfaaenomena  with  respect  to  light. 

From  the  singular  analogy,  above  alluded  to,  it  follows  that  (for 
a  great  number  of  years  at  least)  the  first  three  satellites  cannot  be 
eclipsed  at  the  same  time:  for  in  the  94mu(tlaneous  eclipses  of  the 
second  and  third,  the  first  will  always  be  in  conjunctiou  with 
Jupiter,  and  vice  versa. 

Saiellites  of  Saturn. 

Seven  satellites  may  be  seen  by  means  of  the  telescope,  to  revolve 
about  Saturn ;  the  elements  of  which  are  but  little  known,  on  ac- 
count of  theur  great  distance.  The  following  Table  will  show  the 
duration  of  their  sidereal  revolutions,  and  thehr  mean  distances  in 
semi-diameters  of  Saturn. 


Mean 

SauUiCc 

Sideftai  RproloUon. 

Disuace. 

I. 

0'22?'37'8(y',l 

0*94271 

8080 

11. 

1     8  63    8  ,7 

1  37024 

3  952 

HI. 

1  21  18  25  ,9 

1  88780 

4-893 

IV. 

2  17  44  51  ,1. 

2  73948 

d-268 

V. 

4  12  25  11  ,1 

4  51749 

8-754 

VI. 

15  22  41  13  ,y      15  94530 

20-295 

VII. 

79    7  54  87  ,4    |  79  32960 

59-154 

The  ofbits  of  the  fint  sa  saiellites  appear  to  be  in  the  plane  of 
Saturn's  rings  whilst  the  seventh  varies  f roni  it  ver^f  sensibly.    < 
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SaieliiUi  of  Urtmm, 

Six  flitdlitft  mrolfe  round  Uiamn;  wUcK  together  wUh  iMr 
pritry,  can  be  diwafered  only  by  tfie  tdetoope.  The  foHowing 
fUriawiH  ikoir  their  sidereal  rerolstioaB^  «id  mean  Atancee  hi 
•emi«dianietan  of  the  primary. 


^MrtlhTi 

SdMod  Kcvoloiio^ 

Men 

DiMuet; 

I. 
IL 
III. 
IV. 
V. 
VI. 

A«2P25'aO*,6 

8  16  57  47  .6 

10  SI    8  69  ,0 

18  10  56  29 .8 

88    1  48    0 ,0 

107  16  89  56  ,2 

5' 8926 

8  7068 

10  9611 

18  4559 

88  0750 

407  6944 

1S120 
17-022 
19-845 
22-752 
45-507 
91-008 

AD  tiieae  mfedlitcs  amfe  m  a  plane  which  b  neaiiy  perpendr- 
calar  to  the  phme  af  the  phMi't  orbit*  and  contrary  to  the  order 

of  theslgDsl 

[PhU.  Mag.] 


CHAP.  XVII. 

OJf  THB  B18C0YXKT  Of  THE  LAW  OF  VMIVEESAL 

ORAVITATION. 


DsscAKTBS  uni  the  first  who  endeavoured  to  rednee  th^  mou 
tions  of  the  heavcnif  bodies  to  some  mechanical  prindple*  He 
imagined  tortioes  of  snbtk  matter,  in  the  centre  of  which  he 
phiced  these  bodies.  The  Yortcx  of  the  snn  forced  the  planet 
into  motion;  that  of  die  ptanel;  in  the  same  mapuert  forced  its 
satelUte  to  re? ehre  round  it.  The  motion  of  comets  traversing 
the  heavens  in  all  dhections>  destfsjftd  these  vortices,  as  they 
had  before  destroyed  the  solid  crystalline  q>heres  of  the  ancioit 
astranomcm.  ThuiV  Descartca  W9U  no  happier  m  im  mechani- 
cal, than  Ptolemy  »  ^  aalnmomicnl  thc^iy.  B«t  tfaiir  kbonn 
have  not  been  nsekm  to  science.     Ptolemy  has  transmitted  to 
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US*  thrmigh  fowteen  coKliimi  of  ipMrnnee,  the  few  astronomical 
truUis  wbich  the  andcntii  had  diseofeitd.    Deaeartes^  born  at  a 
later  period^  and  at  a  tisM  when  an  omveisal  corioiity  was  excitedt 
which  he  himself  liad  Incieased  by  sobstitutiiig*  in  the  fibice  of 
ancient  errors*  others  more  seducing*  aad  resting  on  the  authority 
of  his  geometrical  discoveries^  was  enabled  to  destroy  the  empire 
of  Aristotle  and  Ptolemy,  which  might  have  stood  the  attack  of  a 
more  careful  philosopher;  but  by  establishing  as  a  principle*  that 
we  should  begin  by  doubting  of  every  things  he  himself  warned  us 
to  eiamine  his  own  system  with  severity,  wbich  could  not  long 
cesist  the  new  truths  that  were  opposed  to  it.    It  was  reserved  for 
Newton  to  teach  us  the  general  principles  of  the  heavenly  motions. 
Nature  not  only  endowed  him  with  a  profound  genius*  but  placed  • 
bis  existence  m  a  most  Ibrtunate  period.    Descartes  had  changed 
the  face  of  the  mathematical  sciences^  by  the  application  of  algebra 
to  the  theory  of  curvet  and  variable  functions.    The  geometry  of 
infiniies,  of  which  this  theory  contained  the  germ*  began  to  appear 
in  various  places.    Waltis*  Wren*  and  Huygenst  had  developed  the 
lawa  of  motion;  the  discoveries  of  Galileo^  on  falling  bodies,  and 
of  Huygens  on  evotntes  and  centrifugal  force*  led  to  the  theoiy  of 
motion  in  curves;  Kepler  had  determined  those  described  by  the 
planets^  and  had  fonned  a  remote  coocq^ion  of  universal  gravita- 
tioo ;  and  finally*  Hook  had  distinctly  perceived  that  then-  motion 
was  the  result  of  a  projectile  force*  combined  frith  the  attractive 
fittoe  of   the  sun.     The  science  of  celestial  mechanics  wanted 
ttothiog  more  to  briof  k  to  light*  bat  the  genius <rfa  man*  who*  by 
geneniiang  these  discoveries^  should  be  capaUe  of  perceiving  the 
law  of  gravitation ;  it  is  this  which  Newton  accompUshed  in  hie 
hnmortal  work  on  the  Mathematical  Friociples  of  Natural  Philo- 
sc|iliy.    This  philosopher*  so  deservedly  eekbrated,  vras  bom  i^ 
Woolstmp^  in  UocohMhire*  towards  the  hitter  end  of  the  year  l649, 
the  year  in  which  Galileo  died    His  first  sueccss  in  his  early  stu- 
dies^ announced  hia  fntsure  reputation;  a  cnrsoiy  pemsal  of  ele- 
mentary books^  was  sufbknt  to  make  him  compfefaend  them;  he 
next  read  the  Geometry  of  Oeecaites^  the  Optics  of  Kepler*  and  the 
Arithmetic  of  Infinite^  by  Wallii^  but  soon  aspiring  to  new  inven- 
tions, be  wai»  bcfitte  the  ^ge  of  twcnty-eevcn*  in  possession  of  his 
method  of  iuxioM^  aMhblhaaiy  of  light*    Anxious  te  repose^ 
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and  averse  to  literary  controversy,  be  delayed  publishing  fab  dis- 
coveries. His  friend  and  preceptor,  Dr.^rrow,  exerted  himadf 
in  bis  favour,  and  obtained  for  bim  the  ntuation  of  professor  of 
mathematics  in  the  univernty  of  Cambridge ;  it  was  during  this 
period,  that,  yielding  to  the  request  of  Halley,  and  the  solicita- 
tions of  the  Royal  Society,  he  published  his  Principia.  The 
university,  of  which  he  was  a  member,  chose  him  for  their  repre- 
sentative in  the  conventional  parlia^ient  of  1688,  and  for  that 
which  was  convened  in  I701.  He  was  knighted  and  appointed 
director  of  the  mint  by  Queen  Anne;  he  was  elected  president  of 
the  Royal  Society  in  I7OS9  which  dignity  he  ef\joyed  till  his  death, 
in  1727*  I>ormg  the  whole  of  his  life  he  obtained  the  most  distin- 
guished consideratioo,  and  the  nation  to  whose  glory  he  had  so 
much  contributed,  decreed  him  at  his  death  pubh'c  funeral  honours. 
In  1666^  Newton  retired  into  the  country,  and,  for  the  first 
time,  directed  hu  thoughts  to  the  system  of  the  world.  The 
descent  of  heavy  bodies,  which  appears  nearly  the  same  at  the 
summit  of  the  highest  mountains  as  at  the  surface  of  the  eartli, 
suggested  to  him  the  idea,  that  gravity  might  extend  to  the  moon, 
and  that  being  comhmed  with  some  motion  of  projection,  it  might 
cause  it  to  describe  its  elliptic  orbit  round  the  earth.  To  verify 
this  conjecture,  it  was  necessary  to  know  the  law  of  the  diminution 
of  gravity.  Newton  considered,  that  if  the  moon  was  retained  in 
its  orbit  by  the  gravity  of  the  earthy  the  planets  should  also  be  re- 
tained in  their  orbits  by  their  gravity  towards  the  sun,  and  demon- 
strated this  by  the  law  of  the  areas  being  proportional  to  the  times. 
Now  it  results  from  the  relation  of  the  squares  of  the  times  to  the 
cubes  of  the  greater  axis  of  their  orbits,  that  their  centrifugal  force, 
and  consequently  theur  tendency  to  the  sun,  diminishes  inversely  as 
the  squares  of  the  distances  from  this  body.  Newton,  therefore, 
transferred  to  the  earth  thb  law  of  the  diminution  of  the  force  of 
gravity,  and  reasonmg  from  the  experiments  of  falling  bodies,  be 
determined  the  height  which  the  moon,  abandoned  to  itself,  would 
fall  in  a  short  interval  of  time.  This  height  b  the  versed  sine  of 
the  arc  which  it  describes  in  the  same  mterval;  and  this  quantity 
the  lunar  parallax  gives  in  parts  of  the  radius  of  the  earth,  so  that, 
to  compare  the  law  of  gravitation  with  observation,  it  was  necessary 
to  know  the  magnitude  of  this  radfau;  but  Newton  havmg,  at  that 
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tkne,  aii«rroiieii8  eftimtte  of  the  terrisBtiial  meridiao,  obtained  a 
diffeicot  residt  from  what  ha  expected ;  and  suspecting  that  some 
unknown  forces  vnited  theonelves  with  the  gravity  of  the  moon, 
abandoned  his  original  idea.  •  Some  years  afterwards,  a  letter  from 
Dr.  Hook  induced  him  to  investigate  the  uatore  of  the  cnrve  de« 
scribed  by  profectiles  round  the  centre  of  the  earth.  Picard  had 
htely  finished  the  measure  of  a  degree  in  Fmnce,  and  Newton 
found,  by  this  measure,  that  the  moon  was  retained  in  its  orbit  by 
the  force  of  gravity  alone,  supposed  to  vary  inversely  as  the  square 
of  the  distance.  By  this  law  he  found  that  bodies  m  their  fall 
describe  ellipses^  of  which  the  centre  of  the  earth  occupies  one  of 
their  foci,  and  then,  considering  that  the  phmetary  orbits  are  like- 
wise ellipses,  having  the  son  in  one  of  their  foct,  he  had  the  satis* 
faction  to  see,  that  the  solution  which  he  had  undertaken  firom 
curiosity,  could  be  applied  to  the  greatest  objects  in  nature.  He 
arranged  the  several  propositions  relative  to  the  elliptic  motions  of 
planets,  and  Dr.  Halley  having  induced  him  to  publish  them,  he 
composed  his  grand  work,  the  Prindpia,  which  appeared  in  1667. 
These  details,  which  have  been  transmitted  to  us  by  his  (riend  and 
contemporary  Dr.  Pemberton,  prove  that  th»  greet  philosopher  had, 
so  early  as  16G6,  discovered  the  princqMd  theorems  oo  centrifugal 
force,  which  Huygens  published  six  years  afterwards,  at  the  end  of 
hb  work  De  Horologio  OscHhtorio;  for,  uideed  it  b  highly  pro- 
bable that  the  author  of  the  method  of  floxHMis,  who  seems  then  to 
have  been  in  possession  of  it,  should  easily  have  discovered  these 
theorems.  Newton  arrived  at  the  law  of  the  dunioution  of  gravity, 
by  the  rehtion  which  subsists  between  tlie  squares  of  the  periodic 
times,  and  the  cubes  of  the  greater  axes  of  their  orbits,  supposed 
circular.  He  demonstrated  that  thb  relation  exists  in  elliptic  orbits 
generally,  and  that  it  indicates  an  equal  gravity  of  the  planets  to- 
wards the  snn,  supposing  them  at  an  equal  distance  from  its  centre. 
The  same  equality  of  gravity  towards  the  principal  pfainet,  exists 
likewise  in  all  the  systems  of  satrilites,  and  Newton  verified  it  on 
terrestrial  bodies  by  very  accurate  experiosents. 

This  great  geometrician,  by  considering  thb  question  generally, 
demonstrated  that  a  prqfectile  can  move  m  any  conic-section  what* 
ever,  in  consequence  of  a  force  directed  towards  its  centre,  and 
varying  reciprocally  as  the  square  of  the  distances.  He  investigated 
the  different  properties  of  motion  in  thb  species  of  curves ;  he  de- 
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teoBined  tbe  cooditioiis  requiiite  for  tfie  sectioo  to  be  m  circle,  m 
dii|Mej  «  panbob,  or  an  hyperMa,  which  conditkMit  dqpcnd  «■• 
tirdy  on  the  velocity  and  immitive  poHtiott  of  the  body*^ 

Any  Telocity*  poaitioo,  and  initial  direction  of  a  body  htmg 
given,  Newton  assigned  the  conic  section  which  tiie  body  shooM 
describes  V>d  in  which  it  ought  consequently  to  move,  which  lepeb 
the  nproadi  which  John  Beniouilli  applied  to  him  of  not  having 
demonstrated,  that  the  conic  sections  are  the  only  curves  which  a 
body,  solicited  by  a  force  varying  reciprocally  as  the  squares  of  the 
distance^  can  deacribe*  These  investigationBi  applied  to  the  motien 
of  comets^  ioforaied  him  that  these  bodies  move  round  the  snn, 
according  to  tbe  sane  laws  as  the  planets,  with  the  difference  only 
of  their  ellipses  being  veij  eccentric;  and  he  gave  the  means  <rf 
determining  by  observation,  the  elements  of  these  ellipses. 

He  learned  from  the  comparison  of  the  distance  and  duration  of 
the  revolutions  of  sateUites,  with  those  of  the  planets,  the  respec- 
tive densities  and  masses  of  the  sun,  and  of  planets  accompanied  by 
satellites,  and  the  inlensity  of  the  Ibree  of  gravity  at  their  surface. 

By  conudering  that  the  satellites  move  roond  tlicir  planets  veiy 
nearly,  as  if  the  planets  were  imuK^vable,  he  dlKovered  that  aU 
these  bodies  obey  the  same  fiirce  of  gmvity  towards  tlie  sun. 

The  equality  of  action  and  reaction,  did  not  permit  him  to 
doubt,  that  the  sun  gravitated  towards  the  planets,  and  these  to- 
wards their  satellites }  and  even  that  the  earth  is  attracted  by  all 
tbe  bodies  that  rest  upon  it  He  c^temled  this  proposition  afler« 
wards  by  analogy,  to  all  tbe  celestial  bodies,  and  established  as  a 
principle,  thai  all  partkUt  tf  wuUUr  ai&aci  each  •iker  dtredfy  oi 
their  mass,  and  inverselif  as  the  sfu&sta  of  their  distance. 

Arrived  at  thb  principle,  Newton  saw  that  the  great  phsenomena 
of  the  system  of  the  world  might  be  deduced  from  it.  By  const* 
dering  gravity  at  the  surfaces  of  tbe  celestial  bodies,  as  the  result 
of  the  attractions  of  all  their  particles,  he  ascertained  these  remark-' 
able  truths,  that  the  attracting  force  of  a  body,  or  of  a  spherical 
stratum,  on  a  point  placed  without  it,  is  the  same  as  if  its  mass  was 
compressed  into  its  centre ;  and  that  a  point  placed  within  a  sphe- 
rical stratum,  or  generally  any  stratum  ternunated  by  two  elliptic 
surfiices,  similar  and  similariy  situated,  is  equally  attracted  on  every 
side. 

He  proved  that  the  motion  of  rotation  of  the  earthy  ought  to 
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have  flattcoed  k  in  the  direetioo  of  the  poles^  and  he  detemmied 
the  hiw  of  the  Tariition  of  the  degrees  ind  of  gnvily,  sii|>posing  it 
honiogeneoas. 

He  saw  that  the  action  of  the  sun  and  mooo  on  the  terrestrial 
spheroid  ought  to  produce  a  motion  m  its  axis  of  rotafioo,  to  make 
the  equinoxes  retrograde,  to  elevate  the  waters  of  the  ocean,  and 
to  produce  in  this  great  fluid  mass  the  oscillations  which  are  ob* 
served  oader  the  name  of  tides. 

Lastly,  he  was  convinced  that  the  lunar  irregularities  were  pro* 
duced  by  the  combined  action  of  the  sun  and  earth  on  thb  satellite. 
Bat  with  the  exception  of  what  concerns  the  elliptic  motion  of  the 
planets  and  comets,  the  attraction  of  q»herical  bodies,  and  the  in* 
tensity  of  gravity  at  the  surface  of  the  sun,  and  fsi  those  planets 
that  are  accompanied  by  satellites,  ail  these  discoveries  were  only 
aketched  by  Newton.    His  theory  of  the  form  of  the  planets  is 
linked  by  the  supposithas  of  their  homogenity ;  his  solution  of  the 
problem  4of  the  precession  of  the  equinoxes,  though  very  ingenious, 
is,  notwithstanding  the  apparent  agreement  of  bts  result  with  ob^ 
aervation,  in  many  respects  defective ;  in  the  great  number  of  the 
perturbations  of  the  celestial  motions,  he  has  only  considered  those 
of  the  lunar  motion,  of  which  the  most  considerable,  the  evection, 
has  escaped  his  investigation.    He  has  perfectly  established  the 
existence  of  the  principle  which  he  discovered,  but  the  develop- 
nent  of  its  consequences  and  its  advantages,  has  been  the  work  of 
the  successors  of  this  great  geometer.    The  state  of  imperfection 
hi  which  the  infinitesaal  calculus  must  have  been  in  the  bands  of  its 
inventor,  did  not  permit  him  to  resolve  complcteij  the  difficult  pro- 
blems which  the  theory  of  the  system  of  the  world  presents;  and 
be  waa  often  obliged  to  give  conjectures,  naoertain  tUl  they  have 
been  since  verified  by  a  rigorous  calculation.     Notwitfastandmg 
these  inevitable  defects,  the  importance  and  extent  of  his  discove- 
ries, the  great  nundier  of  original  and  profound  conceptions,  which 
have  iKen  the  germ  of  the  most  briUaint  theories  of  the  geometers 
€si  the  present  times,  and  arranged  with  much  dqpmce,  iqpures  to  his 
Pnmcipia  a  pre-enrinence  ovn  all  other  productions  of  human  m- 
tellect. 

The  case  is  not  the  same  with  the  sciences  asvrith  literature;  the 
last  has  limits  which  a  man  of  genhnauiy  reach  when  he  employs  k 
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laogtn^  brought  to  perfection ;  he  is  read  with  the  same  mtereit 
in  all  ages;  and  time  only  adds  to  his  reputation  by  the  vam  efforts 
of  those  who  try  to  imitate  him. 

The  sciences,  on  the  contrary,  unbounded  like  nature  herself,  in- 
crease infinitely  by  the  labours  of  successive  generations  the  most 
perfect  work ;  by  raising  them  to  a  height  from  which  they  cao 
never  again  descend,  they  give  birth  to  new  discoveries  which  pro* 
duce  in  their  turn  new  works  which  efiace  the  former  from  which 
they  originated.  Others  will  present  in  a  point  of  view  more  gene- 
ral and  more  simple,  the  theories  described  in  the  Principia^  and 
all  the  truths  which  it  has  displayed;  but  the  Principia  m\\  still 
remain  an  eternal  monument  of  the  profundity  of  that  genius  wbidi 
Ims  unfolded  to  us  the  greatest  law  of  the  universe. 

This  work  and  the  equally  original  treatise  by  the  same  author 
on  Opiia,  have  still  the  merit  of  being  the  best  models  which  he 
proposed  in  the  sciences,  and  in  the  delicate  art  of  making  experi- 
ments and  subnutting  them  to  calculation.  We  here  see  the  most 
beautiful  applicationt  of  the  method  which  consists  in  tracing  the 
principal  pbsenomeoa  to  their  causes  by  a  succession  of  inductions, 
and  afterwards  of  redeseending  fix>m  these  causes,  to  all  tlie  details 
of  the  phaenomeua, 

Creneral  laws  are  impressed  in  all  Individual  cases,  but  they  are 
complicated  with  so  many  extraneous  circumstances,  that  the 
greatest  address  is  often  necessary  to  develop  them.  The  phseoo- 
mena  most  proper  for  this  object  must  be  chosen,  they  must  be 
multiplied  that  the  attendant  circumstances  may  be  varied,  and 
that  whatever  they  have  in  common  may  be  observed. 

We  thus  ascend  successively  to  relations  more  and  more  extend* 
ed,  and  we  arrive  at  length  at  general  laws,  which  are  verified  either 
by  proofs  or  by  direct  experiment,  if  that  is  possible,  or  by  examin- 
ing if  they  satisfy  all  the  known  phenomena. 

This  is  the  most  certain  method  by  which  we  can  be  guided  in 
the  search  of  truth.  No  philosopher  has  adhered  more  faitlifully 
to  this  method  than  Newton ;  it  conducted  him  to  his  discoveries 
in  analysis,  and  it  led  him  to  the  principle  of  universal  gmvitation, 
and  to  the  properties  of  light.  Other  philosophers  in  England,  ov 
temporaries  of  Newton,  adopted  it  by  his  example,  and  it  was  the 
base  of  a  great  number  of  excellent  works  which  then  appeared. 
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The  philosophers  of  antiquit^f  foUowing  a  contrary  path,  and 
coDsidering  themseWes  as  at  the  source  of  every  thing,  imagined 
general  causes -to  explain  them. 

Their  method,  which  was  only  productive  of  vain  systems,  had 
not  greater  success  in  the  hands  of  Descartes.  In  tlie  tiihe  of  New- 
ton, Leibnitx,  Malebranche  and  other  philosophers,  employed  H 
with  as  little  advantage. 

At  length  the  inutility  of  the  hypotheses,  to  which  it  led  its 
followers,  and  the  progress  for  which  the  sciences  are  indebted  to 
the  method  of  tnSuctions,  has  brought  back  all  philosophers  to  this 
last  process,  which  Bacon  established  with  ail  the  force  of  reason  and 
eloquence,  and  which  Newton  yet  more  strongly  recommeoded  by 
his  discoveries. 

It  is  by  means  of  synthesis  that  this  great  geometer  has  exphm- 
ed  his  theory  of  the  system  of  the  world.  It  appears,  however, 
that  he  found  the  greater  part  of  his  theorems  by  analysis^  the 
limits  of  which  he  has  considerably  extended^  and  to  which  he 
allows  himielf  to  have  owed  his  general  results  on  the  qiwdratures 
of  curves. 

Rut  his  great  predilection  for  synthesis,  and  his  esteem  for  the 
geometry  of  the  ancients,  has  induced  him  to  represent  his  theo* 
lems,  and  even  his  method  of  fluxions,  under  a  synthetic  form. 
And  it  b  evident  by  the  rules  and  examples  which  he  has  given  of 
these  transformations  in  many  works,  how  much  importance  be 
attached  to  it.  We  may  regret  with  the  geometers  of  his  time* 
that  he  has  not  followed  in  the  exposition  of  his  discoveries^  the 
path  by  which  he  arrived  at  them ;  and  that  he  has  suppressed  the 
demonstration  of  many  results,  such  as  the  equation  of  the  solid 
of  least  resistance,  preferring  the  pleasure  of  leaving  it  to  be  divined 
to  that  of  enlightening  his  readers. 

The  knowledge  of  the  method  which  has  guided  a  man  of  genius 
b  not  less  serviceable  to  the  progress  of  the  sciences^  and  even  to 
hb  own  glory,  than  hb  discoveries;  and  the  princ^  advantage 
which  has  been  derived  from  the  famous  dispute  between  Newton 
and  Leibnitx,  concerning  the  invention  of  the  infmitesmal  calculus, 
has  been  to  make  known  the  path  of  these  two  great  men,  in  their 
first  analytical  labours. 

The  preference  of  Newton  for  the  synthetical  method,  may  be 
explained  by  the  elegance  with  which  be  connected  hb  theory  of 
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AiiyiliiiMr  tMtiw,  with  tbc  nntatigitioBi  «f  the  aBOHitsaB  IIm  « 
MctioM,  mud  the  bctotiful  dbcomia  whiA  Hwyy  had  p 
Mcotdiog  to  tint  method.  Geometricil  tjwAtmbnhm 
^rapFrt;  of  KTcr  lonsg  i^fat  of  iti  olyect,  ud  of  i 
the  whole  path  which  leads  from  the  fint  ukMoi  to  Uteir  hrt  can- 
■t<|lieiicei.  while  alKebnuc  aoalyai  tooa  makea  tu  forget  the  priaoi* 
pal  object,  to  occupy  ounelve*  with  abatncl  combiimtioii>,ud  oidy 
Imnp  ui  back  to  it  itt  the  end.  Bat  in  thu  qinttiag  the  ohgectof 
invHtigatioa,  afler  havhig  asMimed  whit  b  inditpetuaUj  oectmtrj 
to  arrive  at  the  required  re«ult,  ]ty  directing  all  out  Bttenlioa  to  th« 
opetatiotu  of  analjaia,  and  leterving  all  our  tbroes  to  overcome  the 
difficulties  which  present  thenudvea,  we  ue  conducied  bj  the 
universality  of  ihb  method, — by  the  inestimable  adianlage  of  thai 
traiialerriug  the  train  of  reaMning  ia  mecbauical  qiieitiaosj— to  re- 
sults ofien  inaccessible  to  synthesis.  The  theory  of  the  system  of 
the  world  ofiers  a  great  nuuibcr  of  examples  of  this  power  of  aa>> 
lysis  which  |i*e  it  a  degree  of  perfection  it  would  never  have  ac- 
quired had  uo  other  path  been  folhiwed  tfaau  that  tiaced  by  Naar- 
ton.  Such  is  the  fecundity  of  analysis,  that  if  we  translate  pulindw 
Irntlis  into  this  universal  hinguage,  we  shall  find  a  Domber  of  new 
and  unexpected  truths  arise  merely  from  the  fonn  of  tKpnwiao. 
No  hinguage  is  to  susceptible  of  the  detfanoe  which  aiiaea  fiwB  tbe 
developmeut  of  a  long  train  of  eipressioas  conoeetMl  with  cadi 
other,  and  all  flowing  from  Ibe  same  foudamental  idea.  Aao- 
lysis  unites  to  all  these  advantages  that  of  being  evor  abtt  tit  coin 
dact  us  to  the  most  simple  methods.  Notfaiiig  more  is  laquiaiti 
than  to  apply  it  iu  a  convenient  maooer  by  ajaJirioot  cboieo  M 
nnkaown  quantiticf^  and  by  giving  to  the  tMidt*  tba  Sana  «Mt 
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opentiont  of  the  btter,  rendered  perceptibfe  by  the  images  of  the 
fbmer»  are  moie  easj  to  comprehend,  and  more  iaterestiDg  to 
pursue;  and  when  obsermt^  realises  these  unages,  and  trans- 
forms these  geometrical  results  into  Uws  of  nature,  and  when  both, 
embracing  the  whole  universe,  dispUy  to  our  contemplation  its  pre* 
sent  and  fhture  stat^,  Ihe  fiew  of  so  sublime  a  spectacle,  presents 
to  us  one  of  the  moalt  nobfe  pfeasurcs  that  have  been  kept  in 
reserve  for  mankind. 

Nearly  fifty  years  have  now  passed  away  since  the  discovery  of 
tiw  theory  of  gravitation,  witbcAit  any  remarkable  additiod  to  it* 
All  this  time  has  been  n^essary  to  remkr  so  great  n  truth  generally 
understood,  and  to  samoqnt  the  obstacles  opposed  to.  it  by  the' 
system  of  vortioes»  and  thennthbrity  of  geon^eiridBhscontempocaiy 
with  Newtoa^  who  combaitted  it  perhaps  I  fi;eiii;:«uuty,  bfotrwho 
netertheiess  aoeelerated  its  plogress  by  their  faJbonrs -on  infimfismai 
analysb.  '    • . 

At  iMgtb  aatroiMMietv  have  conceived  tlie  ibitanate  idea  of 
apptyiag  thia  analyhis  to  tlie  celestiid  motioiis  by  reducing  tliem.  la 
diffinential  equations,  which  4hey  have  rigoronsLy  inlegnted»:or  kf 
couveigmg €|>p>w«matidii. ;  'TOey  have*  thus  explained. by  4h«  liW 
of  gnwilatiab  all  the kwNiin  phaiiuiiiiua  of  the  systttp  of  the  Unm^  . 
iUNl'bnve  given  istt^miidpWfiw'imdsisB  to  attrood^  It 

has  been  aeedssarft  ibr  this  object,  fo  bimg  to  peifdctio^  at:onee. 
«>  nhanif s,  'uptfti^  nnd  aiiiljsii,  which  priaoipatty.:om  tiieur  rapid 
improsensMrts  to  thrirMng  necessaiy  lo.  Aepurpoaas  of  physical 
astronomy.  It  might  be  renderadl.3^  osoio  conect  andeimfile,  but . 
posterity  wM  bo  dodbtsee  witii  gratknde  th&tthe.gefMiieten  of  the 
psesunt  centoiy  have  tnmsnritted  mi^^  nsfrononisal  pbeiMtotiioii  of 
whidi  dmy  faaw  aot-^etenBined  theibanae  and  the  law. 

Jualkte  to-Fnoee  if<piires  us  to  obaerve,  that  if  EogUind  hanrehad 
the  advanlnsv  of  fivmg  birth  to  fliediscovery  of  universal  gmvita* 
tioh,  it  is  printipaHy  to  the-Frtnelkgeonieten,  and  to  the  patfonage 
of  the  Acadtavf  Of  tSeieoces,  that  we  are  uidebted  fiir  numerous 
deveioposents  of  tlds  discovery,  and  therevolutioiifrkich  it  has  pro- 
duced in  nstronoiBy. 

*   [Lm  PbuXf  Si^Uhu  dm  Mtmd^.] 
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CHAP.  xvni. 

OBS£RVATIONS  ON  THE  PLANET  VSNU8, 
BY  DR.HEB8CHEL. 


Xhb  pIvMt  VeoiB  m  bb  ohgeet  thil  bu  long  cngtged  id  j  ptrticiilar 
attCBtioii.  A  iMieft  of  obKifatkms  on  h,  which  1  began  in  April 
1777*  has  boen  contipned  down  to  tht  pmeat  time.  My  first  view, 
when  I  engagod  in  tht  purmit,  was  to  ascertain  the  dhinnl  lotBttoa 
of  this  pfauwtf  which,  from  the  contndidory  accounts  of  Cfunai 
and  Bfanchhii,  the  fenner  of  which  states  it  at  Sd  hoon,  while  tJm 
latter  makes  it  S4  dajs.  appeared  to  remain  unknown^  as  to  its  real. 
duration :  te  the  dbsanratioiis  of  these  geatkBien»  how  widely  dif- 
ferent soefer  with  regard  to  timc»  can  leave  no  doubt  bnt  that  this 
ptahet  aetneUy  has  a  asetioBon  its  axis. 

Hie  nest  dttfoct  was  the  atBMHphere  of  Venus;  of  the  exiatenee 
of  which  also,  after  a  few  months  obsepatieni,  I  coold  not  enters 
tarn  the  least  doubt.  The  mvestigation  of  the.  real  diameter  wni. 
the  3d  olgect  I  had  hi  view.  To  which  nmj  he  pdded,  in  the  lait 
piaecp  an  attention  to  the  construction  of  the  |rienet»  with  regard  to 
pcfmaneBt  eppcaiances;  such  as  might  be  odcasioned  by*  or  ascrib- 
ed to»  seasy  continents,  or  mountams» 

The  reMk  of  my  observatioBS  would  have  been  ootemunioHed 
long  ago,  if  1  had  not  still  flattered  myself  with  the  hopes  of  some 
better  success^  concerning  the  diamal  motion  of  Venus;  which,  oa 
account  of  the  density  of  the  atmosphere  of  this  pfanet,  bto  etill 
eluded  my  constant  attention,  as  far  as  concerns  its  period  and  dif 
rection.  Even  at  tfan  present  time  I  should  hesitate  to  givt.thfc 
following  extract  from  my  journals,  if  it  did  iioteeem  incumbent 
on  me  to  examine  by  what  accident  I  came  to  overlook  mountains 
in  this  planet,  which  are  said  to  be  of  sudi  enormous  height,  as  to 
exceed  4»  5,  and  even  6  times  the  perpendicular  elevation  of  Cira- 
borafo,  the  highest  of  our  mountains*! 

The  same  paper,  which  contains  the  lines  I  have  quoted,  gives  05 

*  See  Pbil.Timos.  for  179:1,  i«rt  8,  page  3S7. 
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likewise  intiiy  extrtordioarjf  accomts  eqiudly  wonderfiil ;  such  ai 
hints  of  the  vamvs  iBd  singular  firopeities  of  the  atnospberp  of 
Saturn*.  A  ragged  margin  in  Venus,  resembling  the  unefen 
border  of- the  moon,  as  it  appears  to  a  power  magni^ing  from  t  to 
4  f  .  One  cusp  of  Venus  appearing  pointed,  and  tlie  other  blunts 
owing  to  the  shadow  of  some  mountain  {•  Fbt  spherical  forms  con- 
spicuovs  on  Saturn^  All  which  being  things  of  which  I  have  never 
taken  any  notice,  it  will  not- be  amiss  to  show,  by  what  follows,  that 
neither  want  of  attention,  nor  a  deficiency  of  intrnments,  could  oc- 
casion my  not  perceiving  these  mountains  of  mote  than  23  miles  in 
height!!;  thisjaggdd  border  of  Venus.;  and  these  flat  spherical  forms 
on  Saturn. 

Indeed  with  regard  to  Saturn,  I  cannot  hentate  a  shi^e  moment 
to  say,  that  had  any  such  thirtgs  as  flat  spherical  forms  eabted,  they 
oonid  not  possibly  have  escaped  my  notice,  in  the  numberless  obser^ 
nations  with  7, 10»  90,  and  40-feet  reflectors,  which  I  have  so  often 
directed  to  that  phnet.  ^However,  if  the  gentleman  who  baa  seen 
tbe  mouBbiins  in  Venus,  has  made  observatioiis  on  fiat  spherical 
fbrmi  on  Saturn^  it  is  to  be  regretted  thrit  he  has  ndt  attended  to 
tbe  levolution  of  this  planet  on  its  axis,  whidi  could  not  refnaln  an 
bour  onknown  to  Mm  when  he  saw  tfiese  foimis.'  Last'irfghtf  May 
31»  l9S9f  for  inManee^  I  saw  two*  snlaH  dark  spole  ori  Jupilear;  I 
flball  not  caU  tbeihi  <at  spherical  foriiis,  because  tbeir  flatness,  aa  well 
■a  tbefar  qibMchy/ tnust  be  hypothetical  yusdMlth^sc  two  terms 
aecni  tome  to  contiadict  each  other.  These  were  cvMenftly  re- 
moved, in  less  than  an  hoar,  in  tiidi  a'lnanner  as  to  pdfait'oiil^  vary 
nearly,  tbe  direcCioii  and  quantity  6^therotatloo  of  tbia  planet     ' 

Before  I  remark  on  the  rest  of  Ate  extrtfotdinary  toAafioatt  efcovte- 
lAentfaned,  I  will  ^e  a  short  extract  of  ray  obserratiOBES  on  Venus, 
witb  such  deductions  as  it  aeenta  to  me  that  we  am  autboiiked  to 
make  fiom  them.T'  bus, 

April  17,  17779  the  disk  of  Venus  was  exceedingly  wdl  defined^ 


^•^ 


•  See  Phil.  Tiaos. icir  1708,  |yurt  8,  pageSOa. 
"t-  Ibidem,  ppgeSlO. 
t  P-  319. 

S  p.  sae. 

I  TbeheigiitefChimbe-rmfo,  accoriinKfoMr.Coadaariae,  ii9900Fmich 
toitei :  awl  the  ^glisfa  ttile,  by  Mr.  De  LaUade,  mcMiiret  830 .  If  the  boup- 
Uion  Jo  Vean  exceed  Cfaambo-ra^ o  six  tlmt§  la  perpendicular  elcvatioa,  they 
mnit  be  more  than  29  miles  in  height. 

N  2 


.  .April  a0k  im> .  Tht  ili^.>iUMMd,  1^  kfiiM^  mWivM. 


kmm  ammphut  be  agforiikn  «nM*  fiom  Um  chuyi  h»  lodt, 
Mticcof.  wlHckcoBldDotbaOTllMnlidbodjraf  thaplacb 

Then  feUow  nuuijF.  otbn  obwnttioM  so  the  mne,  Witb  MMe  oa 
Ibcdiuwtei  of  Vcuu,  AAer  all, Dr.  H, uhb,  a  very  ftw  cndol 
results  may  be  drawn  fromlbe  feregoing  obeemtioiu.  ,  . 

With  legad  la  tba  niatioa  of  Venw  ao  aa  ui^  it  appewi  tlst 
we  iqa;  be  auimd  of  Una  pbnet'i  baviiij^  a  diunal  motioiv  and 
though  the  real  time  of  it  ■  itill  Hilyect  to  cooMderable  doubb^  it 
can  hardly  be  m  alow  u  M  dayi.  lu  ducctioii,  oi  ralber  the  pon- 
tiou  ofxhe  axil  of  Venut,  it  involf  ed  hi  Mill  gnsvter  oscettebity. 

.  The  atmoiphen  of  Venus  i*  ptofaably  wry  caBridenl4ii,;..»hidh 
a|)p«tn  not  oo]>  fron  the  changes  that  have  baensbafircd  in. Ua 
biiil  ipots  «n  iu  surfrce,  but  may  alto  be  nfctnd^oii  .the  iltuiir 
n^tio^  of  the  cuipe,  when  this  planet  isncar  its  iafciipf,  ^fiyiHCtion  f 
prhfni.  the  enlighlentd  endspf  the.  Jioni.re«ch,Arilv9"'V^^.'°!''** 
:dfcls.  Xmtirt  hcreUkc.aotwe,ABt  ihie  ■i4b9F.we]|ki|i|K.Mit'' 
.quoted.  •»  this iNituecl,  ha*  theowrit  ,pf  .)icng4he^nA.<tiM>;;l|W 
pfHfiMiout  tbisinfeKBce,  but  he-  baf  f^mjookad .  tf^  fWipM 
ttaM4ig.frpni  the.diametei  of  lhf.:imi;j^i^bas  aertaii^y;  jlcfMf 
detfUe.flfarc  in  tbe  ttttA  of  tbe  "**T*-^,.flTBiTTtrrT.,,Tr*  ^  hb 
angle  of  IS"  ig' will  amouut  to  niote  lluiii  1°  II '  47". 6- 
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jpaper.  Those  calcuhitioiu  indeed  ire  so  fidl  of  inacconNaesj  thetil 
'vould  be  necessary  to  go  orer  them  agBin»  b  older  to  compute  them 
r-jrietly  with  mj  own»  for  which  at  present  diere  is  no  letsure. 

I  ought  also  to  take  notice  here«  tint  the  same  author,  it  seems, 
lias  taken  measores  of  the  horns  of  Venns  by  an  mstmnient  which, 
in  his  publicatioBS,  he  calb  a  projection  table,  and  describes  as  his 
own ;  of  which  however,  those  who  do  not  know  its  constructioa 
may  have  a  very  perfect  idea,  when  they  read  the  descriptioa  of  my 
hmp,  disk,  and  pertphery-micrometeTs,  joined  to  what  I  have  men- 
tioned above,  of  using  the  disk  micrometer  without  lamps  when 
day-light  b  suflkiently  strong ;  or  even  with  an  illumination  in  front, 
vrbere  the  object  b  bright  enough  to  allow  of  it,  such  as  the  moon, 
&c  I  remember  drawing  the  picture  of  a  cottage  by  It,  in  the 
year  t77(f»  which  was  at  three  or  four  miles  distance ;  and  going 
afterwards  to  compare  the  parts  with  the  building,  found  them  very 
justly  delineated. 

1  have  also  many  limes  had  the  honour  of  showing  my  friends  the 
accuracy  Df  the  method  of  applying  one  eye  to  the  telescope,  and 
the  other  to  the  projected  picture  of  the  object  m  view ;  by  desurmf 
them  to  make  two  points,  with  a  pin,  on  a  card  fixed  up  at  a  eon* 
venient  place,  where  it  might  be  viewed  m  my  telescope ;  and  thb 
bdng  done^  I  took  the  distance  of  these  pomts  lirom  the  picCnre  I 
saw  projected,  in  a  pair  of  proportional  compasses,  one  side  of 
which  was  to  the  other  as  the  dbtance  of  theoliject,  divided  by  the 
distance  of  the  hnage,  to  the  magniiymg  power  of  the  telescope; 
SBid  givfaig  the  compasses  to  my  friends,  they  genenlly  found  that 
the  proportional  ends  of  them  exactly  fitted  the  points  they  had 
omde  on  the  card  ML  which  experiments  are  only  so  many  diflEer- 
cntvraysof  ttsmg  the  lamp-micrometer. 

As  to  the  mountains  in  Venus,  I  may  venture  to  say  that  no  eye, 
whidi  b  not  considerably  better  than  mine,  or  assbtcd  by  much 
better  instruments,  will  ever  get  a  sight  of  them ;  though  from  the 
analogy  that  obtams  between  the  only  two  phinetary  globes  we  can 
compare,  (the  moon  and  the  earth)  there  b  little  doubt  but  that 
thb  planet  also  has  inequalities  on  its  surface,  whkh  may  be,  for 
what  we  can  say  to  the  contrary,  veiy  considerable. 

The  real  diamett^r  of  Tenus,  I  should  think,  may  be  inferred  with 
great  confidence,  from  the  measures  I  took  with  the  twenty-feet 
tefieGtor»  hi  the  morahif  of  the  S4th  of  November,  I79i>  which, 

»3 


irla»  i«4wnl-«»  tb  im»  dMan  of  ite  «ifh,  ^Hf49tr 
llmttmnt  <HMMUr  iif tWi gtoMt.  TUi replt  knUm  MMifc* 
■Me,  MJt4irwtp.fi9WtUtyaBiiiiialitdelmc[thfBtbeMid^ 
iMMd-of  Mni  ■  littb  !«««■  bM  bem  tafftmAj^pt,  w  4be 
Bioeit  wraiNiy*  I  cMBflit  find  ^ifilt.wiUi  the  neuuns.  Ik  phaet 
■n  pal  brtwwD  tbe  two  i*irf*  of  the  oueronteter,  wkich  ^*ci«  oat> 
wmi  MfMtt:  wid  tbcy  wwc  afttr  Mch  meawre,  •hot  w  h  to 
HMt  with  the  MOW  Mtgc,  nd  n  the  nne  ptac*  when  the  phatt 
«i>  BKMived,  la  tUc  Mtiutxm  the  pn^r  deduciioa,  fbr  not 
boDf  ceittral  loeaHmsi  vu  pointed  out  by  tbe  index-plite>  The 
ttamitB  of  the  25lh  wcfe  eomcted  for  a  uuall  ooucanQ  of  the  wina, 
which  beai|:  F^etiy  thick  W>d  ■tubbom,  were  nottriiaioed  sufficieotlj 
to  nikke  them  quite  eltaigbt,  tbe  amount  of  which  was  also  a&ceiv 
uioed  bif  an  esamiaatioD  of  the  division  when  the  wirei  dosed  at 
the  ends,  vti  where  they  dosed  in  the  centre.  The  zero  was,  with 
equal  precaution,  referred  to  a  poiut  at  an  equal  distance  from  the 
contact  of  Ibc  wires  on  each  side :  fn  tbey  are  at  liberty  to  pan 
over  each  other,  without  occasiooit^  any  derangeueBl,  Tbe  sbakt, 
or  play,  of  the  screw  is  kas  than  three-lcnths  of  a  diviaion*  The 
two  planets,  however,  are  so  nearly  of  an  equal  nxe ,  that  it  woidd 
be  aacesiary  to  repeat  our  ineasuiea  of  the  dameter  of  Vmhi,  a 
the  KMMt  frvoiirablc  circuinstaiiees*  and  with  ipenmetcn  kdjiutcd 
to  tfaa  utmost  degree  of  predsion,  to  decide  wkh  perfaet  GOid>dtMe 
dnt  she  i^  as  af^iears  moat  likely,  Urpr  than  tb«  efjA* 

The  nmaikabte  pbeniunciKMi  of  the  bright  nuu^  «f  Tmmm,  I 
find,  bm  not  )>eea  noticed  by  tbe  author  w«  hnvo  nfttr^  to  ;  «■ 
tbe  contrary,  it  ii  «*id, "  this  light  appeaia  (tn^Bgeat  ^  Dm  ontwiid 
limb,  from  whcuce  it  decreases  uradually,  and  it 
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imrtB  when  id  atmosphere  is  moBt  filled  wkh  cloudsy  while  the  lat« 
ter  are  probabljf  those  regions  which  are  free  from  them,  .anda4f 
mit  the  sun  to  shine  on  the  planet ;  by  which  means  we  have  the  re* 
flection  of  the  real  surftce,  which  I  take  to  be  generally  less  lumin- 
ous. If  this  conjecture  be  well  founded,  we  see  the  reason  why 
spots  on  Venus  are  so  seldom  to  be  perceived.  For,  thb  planet 
having  a  dense  atmosphere,  its  real  surfece  will  commonly  be  enve- 
loped by  it,  so  as  not  to  present  us  with  any  variety  of  appearances. 
This  also  points  out  the  reason  why  the  spots,  when  any  such  thers 
are,  iqppear  generally  of  a  darker  colour  than  the  rest  of  the  body. 

[PhU.  Trwis.  Abridged,  1793-] 


CHAR  XIX. 

Am  ACCOUMT  OV  TURBB  VOLCANOES  IN  THE  MOOS, 

BT  THB  SAME. 


It  iviU  be  necessary  to  say  a  few  words  by  way  of  introduction  to 
the  account  I  have  to  give  of  some  appearances  upon  the  moon.  The 
pbsenomena  of  nature,  especially  those  that  fiiU  under  the  rnqpeotion 
of  the  astronomer^  are  to  be  viewed,  not  only  with  the  usual  attention 
to  &cts  as  they  occur,  but  with  the  eye  of  reason  and  experienceb. 
In  this  we  are  however  not  allowed  to  depart  from  pbin  appear- 
ances ;  though  tlieir  origm  and  signification  should  be  indicated  by 
the  most  characterising  features.  Thus,whenweseetOnthesnrfiice 
of  the  moon,  a  great  number  of  elevations,  firom  half  a  mile  to  a 
mile  and  a  half  in  height,  we  are  strictly  entitled  to  call  them  moun- 
tains; but,  when  we  attend  to  their  particular  shape,  in  which  many 
of  them  resemble  the  craters  of  our  volcanoes,  and  thence  argue,  that 
they  owe  their  origin  to  the  same  cause  which  has  modelled  many 
of  these,  we  may  be  said  to  set  by  analogy,  or  with  the  eye  of  rea^ 
son.  Now^  in  this  latter  case,  though  it  may  be  convenient,  m  speak- 
m^  of  phsnomena,  to  use  expressions  that  can  only  be  justified  by 
measooiiy  wptm  the  fiicts  themselves  it  will  certainly  be  the  safiesi 
my  not  to  neglect  ^  f^daKript^  of  tbfeQ»  thi$  il^  may  upsearto 
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otlwrs  how  fur  wc  hiivr  been  RUlliorivd  to  nsr  the  menlnl  pyp.  Tin* 
beiug  pKiniird,  I  nm;  f-niely  proceed  lo  give  my  obscrFHlioni. 

April  1<^,  17S7,  10"  36'  sidcieal  time. 

J  perceive  three  vokanoGs  in  {liA'ereDt  pUu-s  oftbedurk  partofllic 
Dew  moon.  Two  or  lben>  are  either  olrcady  nearly  exUiKt,  or 
otherHise  id  a  state  of  going  to  brenk  out ;  nhlch  priliaps  may  b« 
decided  uext  luiiatiuii.  The  IhirJ  shews  an  actual  eruption  of  fircj 
or  luminous  inalter.  I  measured  the  distance  of  the  crater  from  tlie 
norlht-rn  limb  of  the  mooii, and  found  il  3' 57"  3.  Us  light  is  much 
brighter  than  the  imclem  of  the  comet  which  M.  Mecbau  dtscover- 
cd  at  Paris  the  lOih  of  this  month. 

April  20,  irS7,  I(/ 2' sidereal  time. 

The  volcano  bums  with  greater  violence  tban  last  night.-  I  be* 
lieve  its  diameter  cannot  be  leu  lliaii  3",  by  comparint;  it  willi  that 
of  the  Georgian  planet ;  us  Juj>iter  was  near  at  band,  f  turned  the 
telescope  to  bit  third  satellite,  and  estimated  the  diameter  of  the 
burning  part  of  the  volcano  to  be  equal  to  at  least  twice  that  of  tlie 
satellite.  Hence  we  may  compute  that  the  shining  or  burning  mat- 
ter must  be  above  three  mites  in  diameter.  It  isofau  irregular 
round  Agure,  and  very  sharply  defined  on  the  edges.  The  other  tw* 
Tolcanoesare  much  farther  towards  the  centre  of  the  mooD,  and  re* 
seroble  large,  pretty  faint  nebulae,  that  are  gradually  much  brighter 
in  the  middle ;  but  no  M-ell  defined  luminous  spot  can  be  discerned 
in  them.  These  three  spots  are  plainly  to  be  distinguished  &oni 
therestof  the  marks  upon  the  moon;  for  the  reflection  of  the  sun's 
lays  fi'om  the  earth  is,  in  its  present  situation,  sufficiently  bright 
with  a  ten-feet  reflector,  lo  show  the  moon'i  spots,  cvea  the  darkest 
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#r  defect  in  either  of  these  makiug  a  veiy  sensible  difference  in  the 
colour. 

It  will  now  naturally  be  asked^  why  the  frequency  of  the  changes 
of  brightness  should  not  be  often  much  greater,  as  well  as  some* 
times  less,  than  that  abovementioned,  and  why  the  interval  of  the 
fourth  or  fifth,  or  some  such  part^  should  be  pitched  upou^  rather 
than  the  fortieth  or  fiftieth  part  of  a  second,  or  than  a  whole  se- 
cond, &c.  for,  according  to  the  length  or  shortness  of  the  time  as« 
sumec^  the  changes  that  will  naturally  occur,  from  the  effect  of 
chance,  will  be  smaller  or  greater  in  proportion  to  each  other.  The 
answer  to  this  question  will,  I  think,  tend  to  render  the  above  solu- 
tion more  probable,  as  well  as  to  throw  a  good  deal  of  light  upon 
the  whole  subject.    The  lengths  of  the  times  then  between  the 
changes  of  brijghtness,  if  I  am  not  mbtaken,  depend  upon  Ibe  dura* 
tion  of  the  perception  before-mentioned,  occasioned  by  the  impres- 
sion of  the  light  upon  the  eye,  than  which  they  seem  to  be  neither 
much  longer  nor  shorter*  Whatever  inequalities  fall  within  a  OMich 
shorter  time  than  the  continuance  of  this  perception,  will  necessarily 
be  blended  together,  aud  have  no  effect,  but  as  they  compose  apart 
of  the  whole  mass ;  but  those  inequalities,  which  fall  in  such  a  man- 
ner as  that  they  may  be  assigned  to  intervals  nearly  equal  to,  or 
something  greater  than  the  continuance  of  this  perception,  wHI  be  so 
divided  by  the  imagination,  which  will  naturally  follow,  and  pick 
them  out  as  they  arise. — Phil.  Trans.  \J&7* 

N.  B«  The  light  of  the  stars  appears  to  the  naked  eye  to  be  generally 
white,  being  too  (aint  to  excite  the  idea  of  a  particular  colour ;  but 
when  it  is  concentrated  by  Dr.  Herscliel's  large  speculum^  it  be« 
comes  m  various  stan  of  various  hues ;  and  indeed  to  the  naked  eye 
some  of  the  stars  appear  a  little  redder  aud  others  a  little  bluer. 
The  cause  of  the  twinkling  of  the  stars  does  not,  afker  all,  appear  to 
be  fully  ascertained :  it  is  refimed  by  other  philosophen^  and  with 
some  probability,  to  changes  which  are  perpetually  takmg  place  in 
the  atmosphere,  and  which  aflect  its  refractive  density.  It  is  said 
that  in  some  climates  where  the  aur  is  remarkably  serene,  the  stars 
have  scareely  any  appearance  of  twinklmg.— £ir/or. 
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CHAP.  XXL 

OH  TWItiaBT, 


JToK  tiie  ptuBttomena  of  twiligfat,  we  are  priiici|MlI]r  ipdettted  to 
the  light  i«flected  by  the  ttmospbere ;  when  the  lua  is  it  ■  certuD 
distance  (»ily  below  the  horizou,  he  shines  od  some  put  of  the  air 
immcdialely  visible  to  as,  which  affords  us  a  portioii  of  reflected 
light.  The  distance  at  which  this  may  happen  has  been  variously 
esdraaled,  and  it  is  perbapt  actually  diflerent  in  di&rent  dimafes, 
being  a  Utile  greater  b  coontriei  near  the  poles  than  iu  those  wEucb 
are  nearer  the  equator;  there  is  also  some  times  a  secondary  twt- 
li^tt  when  the  parts  of  the  atmosphere,  which  reflect  a  faint  light 
OQ  the  earth,  are  themselves  indebted  fin  this  light  to  an  earlier  n- 
flecrion.  Some  have  assigned  18°  as  the  limit  of  twilight,  and  oi 
this  supposition,  allowing  for  refractiofl,  the  atmoq>bere  must  be 
capable  of  reflecting  sensible  light  at  the  height  of  about  40  mites, 
Mr.  Lambert,  on  the  contrary,  makes  the  limit  only  about  6|°.  Tbe 
duration  of  twilight  is  greater  or  less  as  tbe  sun  moves  more  or  Icn 
obliquely  with  respect  to  the  horizon ;  it  is,  therefore,  ihoitcst  near 
tbe  time  of  the  equinDses>  sbce  the  equinoctial  inteisecti  the  hori* 
aoD  less  <diliquely  than  any  lesser  circle  panlld  to  it^yoH^a 
JVa*.i»4i£VoLLp.a6. 
Tlie  limit  of  vtaible  nvilijjht  is  when  the  ann  b  6    degrees  below 


C    189.   1 


CHAP.  XXIL 

6KN£RAL  ASTRONOMICAL  BEMARKS. 


Fixed  Stars. 

It  is  impossible  to  determine  exactly  the  distance  of  any  of  the 
fixed  stars  from  the  earth ;  yet  we  are  nevertheless  able  to  draw 
so'nie  coDcliuioDS  that  may  tend  to  illustrate  their  prodigious  re- 
moteness. 

1.  The  diameter  of  the  earth's  annual  orbit,  which  contains  at 
least  l60  millions  of  miles,  is  but  a  point  in  comparison  of  the  dis« 
tance  from  the  nearest  star,  which  is  supposed  to  be  Sirius  or  the 
Dog-star.  At  kast  this  star  must  be  upwards  of  6oOO  times  more 
remote  than  the  sun :  for  if  a  star  should  appear  through  a  tele- 
scope half  a  minute  broad,  which  is  a  pretty  sensible  magnitude, 
the  true  apparent  diameter  would  not  exceed  18^  3  tiimutes,  which 
is  less  than  the  six  thousandth  part  of  the  apparent  diameter  of  the 
Sim ;  and  consequently  the  sun*s  distance  cannot  be  one  six  thou- 
sandth part  of  the  starts  distance  firom  the  earth. 

ft.  Could  we  advance  towards  the  stars  ninety-nine  parts  out  of  a 
hundred  of  the  entire,  and  have  only  one  part  remaining,  the  stars 
would  appear  scarcely  larger  to  us  than  they  do  at  present ;  for  they 
would  show  no  otherwise  than  they  do  through  a  telescope  which 
magnifies  a  hundred  fold. 

3.  Nine  ports  at  least  m  ten  of  tlie  space  between  us  and  the 
fixed  stars,  can  receive  no  greater  light  from  the  sun,  or  any  of  the 
stars,  than  that  which  the  earth  has  from  any  of  the  stars  in  a  clear 
night. 

4.  Light  takes  up  more  time  in  travelling  from  the  nearest  star  to 
the  earth,  than  our  sailors  in  making  a  West  India  voyage,  which  is 
ordinarily  performed  in  six  weeks.  Sound  would  not  reach  us  from 
the  same  distance  in  fifty  thousand  years;  nor  a  cannon-ball  in  a 
much  less  time :  which  is  easily  computed  by  allowing,  according  to 
Sir  Isaac  Newton,  teu  minutes  for  the  journey  of  light  from  the  sun 
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to  the  earth ;  and  that  sound  travels  at  the  rate  of  about  thirteea 
hundred  feet  in  a  second. — Miscellanea  Curiosap  Vol.  I. 

Flamstead,  Phil.  Trans.r  17OI,  coqjecturcs  that  he  had  found  an 
annual  paralax  of  4(/' or  i|5^;  the  polar  distance  being  greatest  in 
June.  Cassiuiy  A.  P.  171 7«  makes  the  apparent  diameter  of  Siriua 
several  seconds;  thb  however  is  denied  by  Halley,  Phil.  Trans. 
1720. 

Supposing  Saturn  to  reflett  one«Mf  eftth  of  the  light  that  falls  on 
him,  and  to  be  equal  in  brightness  to  a  star  as  large  as  the  sun,  the 
distance  of  the  star  will  be  425100  times  as  great  as  that  of  the  sniv 
and  its  apparent  diameter  ti"  iff'".  Hence  we  maj  assume  the  dis- 
tance 500000:— Lambert  Photoinetria. 

Michell  observes,  that  a  star  of  500  times  the  diameter  of  the 
suu  ought  to  recall  the  particles  of  light  from  an  infinite  distance^ 
and  thinks  that  a  sensible  eflect  might  be  produced  by  a  star  22 
times  as  large  iu  diameter  as  the  sun:  the  attraction  of  the  sun 
ought  to  retard  it  ^^^^^5  in  an  infinite  distance.  The  light  of  a 
star  of  the  sixth  magnitude  is  to  that  of  the  sun  as  one  to  a  hundred 
billions.— Phil.  Tnms.  1784. 

Some  stars,  if  as  remote  from  each  other  as  Sirius  is  from  the  son, 
should  be  49000  times  as  far  off  as  Sirius.  At  this  distance  Sirius 
would  be  scarcely  visible.— A  duster  of  5000  stars«  scarcely  visible 
as  a  mass  by  the  forty-feet  telesco|>e,  must  be  above  eleven  millions 
of  millions  of  millions  of  miles  off. — Herschel,  Phil.  Trans.  1795. 

1800. 

Barker  produces  five  authorities  to  show  that  Sirius  was  formerly 
reddish,  and  even  redder  than  Mars,  and  proves  that  it  a  now  white. 
—Phil.  Trans.  17£0. 

Garcin  observes,  that  at  Bender  Abassi  in  Asia,  where  the  air  b 
very  pure  and  dry,  the  stars  have  a  light  absolutely  fixed  and  free 
from  twinkling.    A.  P.  1743.— Young  Nat.  Ph.  II.  ggi. 

Humboldt,  by  means  of  diaphragms,  in  Herschel's  manner,  has 
given  the  following  as  the  comparative  brightness  of  various  stars. 
Sirius  1,  Canopus  98,  ^Centauri  96,  Achernar  94,  a  Indi  50,  /3  47, 
a  Toucan  70,  a  Phcenicia  65,  a  Favonis  78,  a  Gruis  8 J ,  fi75,y  58. 

Euler  makes  the  light  of  the  sun  equal  to  that  of  65^0  candles  at 
1  foot  distance,  that  of  the  moon  to  a  caudle  at  7|  feet,  of  Venus 
to  a  candle  at  421  feet,  and  of  Jupiter  to  a  candle  at  \620  feet: 
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partly  fh>in  Boaguer't  experimenli*  Htoce  the  sun  would  appear 
like  Jupiter,  if  removed  to  131000  times  hlspiesettt  distaiice.-^Meiii.^ 
Bed.  Acad.  i;d^ 

Milky  Way. 

Lambert  regards  the  Milky  way  as  the  elliptic  of  the  fixed  stars: 
be  thinks  the  greater  stars  belong  to  the  sobu*  nebula,  and  that  tlie 
oClier  nebnte  are  confused  together  ia  the  milky  way. — ^Photome- 
tria,  h  1139. 

Herschel  coigectures  th*t  the  milk]f  way  is  the  projection  of  onr 
nebulaj  and  tliat  the  sun  has  a  motion  towards  its  node  near  Ce- 
pbeus  and  Cassiopeia,  1784.  In  a  circle  of  13'  diameter,  688  stars 
weie  eounted :  if  these  were  at  e<iaal  distances  in  a  cone,  the  length 
of  the  cone  most  have  been  497  times  their  distance,  From  calcu- 
lations of  this  kind  a  figure  of  the  nebula  b  drawn,  showing  a  section 
passing  through  ita  poles  at  right  angles  to  the  line  of  the  nodes. 
The  ri|^t  ascensioa  of  the  pole  is  186*,  its  polar  distance  36*  ;]783. 
:—Phil.  Tians.  1784--1802.  Yonngfs  Nat.  Phil.  II. 

In  1793  Or,  Herschel  found  60O  stars  in  a  circle  of  J3'  m  dia- 
meter. Phil,  IVans.  1 795.  He  traced  out  a  Tariety  of  double  stan, 
which  be  at  length  followed  up  to  the  number  of  fifty.  Cassini 
Verified  this  diseofeiy  of  Herschel's,  but  differs  a  little  as  to  the 
colour  of  these  stars,  and  enqubes  whether  they  may  not  be  sateU 
lites.  A.  P.  l784.->Michell,  in  like  manner,  conjectures  that  some 
Han  may  move  romMl  others.— PbiL  Trans.  1784. 

Sun. 

Tht  spots  on  the  sun,  many  of  which  are  as  latfe,  and  some  fire 
or  six  times  as  large  as  the  diameter  as  the  earth,  were  first  disco- 
TTtred  by  Fabridus  of  Wirtemberg  in  161I ;  but  their  nature  has 
been  a  source  of  perpetual  controversy.  Derham  regarded  them  as 
clouds  of  volcanoes,  afterwards  becoming  sacuhe.  Crabtrie,  as  early 
as  1640,  described  them  as  exhalations  like  clouds.  Lalande,  and 
various  others,  believed  them  to  be  mountains;  Wilson,  in  opposi« 
tion  to  Lalande,  asserted  them  to  be  excavations.  Herschel,  PhiL 
Trans.  1795,  represents  the  sun  as  an  opaque  body,  probably  inha- 
bited, covered  with  an  atmosphere  in  which  clouds  of  a  luminous 
matter  are  floating,  and  the  spots  as  interruptions  of  these  clouds. 
He  believes  them  to  exist  in  two  strata,  of  which  the  upper  only  is 
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IttouBoue.  and  the  aoder  stratum  an  interpokitkNi  to  prolect  the 
body  of  the  nun  from  the  luminoiu  heat* 

lu  Phjl.  Trant.  1801»  Dr.  Henchel  endeavours  to  show  that  the 
▼ariation  in  the  beat  of  different  years  is  owing  to  the  more  or  leas 
copious  supply  of  iuel  in  the  sun,  and  that  it  is  this  fuel  that  consti- 
tutes his  spots 

The  motion  of  the  sun,  accompanied  by  the  whole  solar  system, 
has  also  been  maintained  and  doubted  of.  liayer  suggested  that  it 
takes  place  towards  the  corona  borealis.  Prevost  adopted  the 
idea.    Lichtenbeig  was  sceptical— -Herschel,  iil.  p.  832. 


Planeis. 

Thene  is  a  material  difference  in  the  calculation  of  diferent  phi« 
losophers  as  to  the  surface  and  temperature  both  of  the  primary 
and  secondary  planets  that  belong  to  the  solar  system.  Thus  in 
Chapter  XVL  Mr.  Baily.  in  his  synopsis  of  La  Place's  Exposition* 
has  calculated  the  proportion  of  light  and  heat  existing  in  Mercury 
at  rather  more  tban.sbr  times  wHi  a  half  the  mean  light  and  beat  of 
the  earth ;  the  light  and  beat  of  Venus  at  nearly  double  that  of  the 
earth;  those,  of  Man  something  less  than  half  those  of  the  earth; 
those  of  Jupiter  more  than  a  third.  Dn  Young»  on  the  contraiy, 
has  estimated  these  powers  prodigiously .  higher  forMercuty  and 
Venus,  and  considerably  lower  for  Man«  Jupit^r^  and  Saturn.  His 
words  are  as  follows. 

'*  Of  Mercury  we  know  little  except  the  length  of  his  year,  which 
is  shorter  than  three  of  our  months.  Supposuig  all  our  heat  to 
come  from  the  sun,  it  is  probable  that  the  mean  heat  on  Mercury  is 
above  that  of  boiiiug  quicksilver ;  and  it  b  scarcely  possible  that 
there  should  be  any  point  about  his  poles  where  water  would  not 
boil.  The  sun*s  diameter  would  appear,  if  viewed  from  Mercury, 
more  than  twice  as  great  as  \o  us  on  the  earth. 

"  Venus  must  have  a  climate  far  more  temperate  than  Mercury, 
yet  much  too  torrid  for  the  existence  of  animals  or  vegetables,  ex- 
cept iu  some  circumpolar  parts ;  her  magnitude  and  diurnal  rotation 
differ  but  little  from  those  of  the  earth,  ai^d  her  year  is  only  onq 
third  shorter;  so  that  her  seasons,  and  her  day  and  night,  must 
greatly  resemble  ours.  The  earth,  when  in  opposition  to  the  sun, 
must  be  about  four  times  as  bright  as  Venus  ever  appears  to  us,  and 
must,  therefore,  always  cast  a  shadow ;  it  must  be  frequently,  and 


perinpft  fjanenWy,  miUf  m  Ihe^i  and  logcflier  with  the  moon 
'  muil  exUbit  a  fcry  intenbitidg  objeet    Tbe  atmotpbera  of  Venus  is 
snppoted  to  be  OMrij  lika  odr  own,  or  Mmaarhat  more  rare. 

'<  Tbe  cliBMrte  of  Man  is  as  much  collier  than  oors,  as  that  of 

Venus  is  warmer ;  in  otlMf  ms|m$ts  there  is  no  very  striking  dif- 

fcmoce  t  the  indinatioo  of  his  axis  to  his  ecliptic  being  neariy  the 

same  as  that  of  the  earth's  azis«  the  changes  of  seasons  must  be  nearly 

like  our  own.  '  Dr*  Heiscbel  has  observed  a  constant  appearance  of 

two  bright  spots  or  cirdes  near  the  poles  of  Mars,  which  he  attri- 

■bntes  to  the  ice  and  snow  perpetually  surrounding  them.    It  is  not, 

•boweTer,  probable  that  water  could  remain  fluid  in  any  part  of  Mars, 

•and  even  quicksilver  and  alcohol  would,  perhaps,  be  firosen  in  his 

temperate  ^mates.    It  is  pretty  certain  that  Mars  has  an  atmo* 

qihere,  and  his  dark  spots  seem  to  be  occasioned  by  douds :  thtt 

atmosphere  may,  perhaps,  also  be  the  cause  of  tbe  ruddy  hue  of  his 

l«ht. 

**  It  appears  to  be  doubtful,  whether  either  of  the  three  little 
planets  newly  discovered  can  be  sufikaently  solid,  to  give  a  firm 
footing  to  any  material  bemgs :  we  should  probably  weigh  only  a 
few  pounds  each  if  transported  there.  Aecordmg  to  Dr.  Herehd's 
opinion,  neither  Ceres  nor  Pallas  is  much  larger  than  agood  Scotch 
estate,  althoo^  they  must,  sometimes,  appear  to  each  other  as 
phnets  of  a  most  reqieetaUe  siae.  Tbe  l^ht  reflected  from  Ceres 
is  of  a  more  ruddy  hue  than  that  of  Pdlas;  both  of  these  planets 
are  attended  by  more  or  less  of  a  nebulosity,  proceeding,  perhaps, 
from  copious  atmospheres ;  and  in  this  respect^  as  well  as  m  the 
great  OMliaation  of  theur  orbits^  they  appear  to  have- some  affinity  to 
comets.  It  is  tolerably  oertam  that  neither  of  them  is  900  miles  in 
diameter;  and  Juno  is  abo  probably  about  the  same  sixew 

<*  It  is  obvious  that  tbe  most  striking  features  of  the  heavens^ 
when  canleBqihited  from  Jupiter,  would  be  the  diveraified  positions 
and  combinations  of  his  satellites:  their  light  must  be  flunt,butyet 
of  service;  and  to  a  traveller  on  the  surfrce  of  this  vast  globe  they 
Bomst  aflford  usefiil  informatioo,  as  wdl  with  respect  to  tune  as  to 
pbce.  Our  little  earth  must  probably  be  dways  invisible  to  a  spec- 
tator situated  on  Jupiter,  on  account  of  its  apparent  proximity  to  the 
sun,  m  the  same  manner  as  a  pbmet  at  half  the  distance  of  Mercury 
would  be  mvisihle  to  us.  The  jear  of  Jupiter  must  contain  nearly 
tenthousaiidof  Ins  days,  and  tlmt  of  Saturti  almost  thirty  thousand 
VOL.  r,  o 


tiliMiiC  Jiyfc  ..awtfn  At;  iMiriiiilrt  rfahi.i 
Tt|iiwr»w'HIP*w.WHw8.Bil«  <ill»iiB  diftMBti|Mniil.M 
(orftcc,  i«efy4it«niiid«pf«nMNaCaa|MiiMat;la*iHW«ifhM» 
■(ralcheil  affOH  tlM Jmmw.  MpMiill]kte4lu  teatvfeBvMlkh  ii 
j«UM«uMMfcaf^iii«irilkdwMK  ■  ..."(I)::!.    / 

"  Era*  the Aeorgiu  plMct  the  iMi  nurt  be.MB  M  wkJiMfe 
rtw,  Drt  oBdhMMlrad  wd  Sftictfa  pui  ■■  boiht  m  kt  ■ifMai  Mm. 
,ttu  Hus  of  Ifaii  fikMt  bthg  pivlnUy  MM  10  MM  plant  flf  kit  cd^ 
Ik,  it  muit  be  directed  twice  in  Uie  year  towwde  the  mui*  Md  Hm 
limit  of  illumiuatiMi  miul  ippnMch  to  Ifat  equator,  m>  tint  ■Imnil 
every  place  on  liia  iiirfMe  must  tonielinwi  remtiiii  for  *  gnal  niuo- 
ber  of  diuroal  revolutiofs,  m  light  and  in  darkneu  t  Ibc  noet  km- 
derate  climatea  having  one  n^bt,  in  their  long  year,  equal  in  dar» 
tioa  at  least  to  several  of  our  yean:  and  it  miut  be  confrued  tbal 
this  planet  would  afford  but  a  coniforlless  habitation  to  thaw  ae- 
customed  lo  our  summer  siioshine,  even  if  it  were  posuble  to  cola- 
idM  it."— Young's  Hit.  PkiU  VoL  I. 

In  this  difiereDce  of  estimation  weioeline  to  that  of  Mr,  Bailey.  8» 
in  Chapter  XVUI.  we  have  already  observed  that  Dr.  Henc^el  has 
disproved  those  enonuaua  mountains  on  the  soriace  of  Venus,  which 
Sclirdter  persuaded  himself  he  had  detected, 
have  occasiouiillj-  supposed  that  they  have  discovend  a  si 
tendaot  upou  Venus ;  for  an  account  of  which  the  fcndcf  ai^y  (iffn 
to  Mr.  Sbort's  paper,  PliiL  Trans.  l74j,andBDde'a  Jahibach,  I7;r 
andX778. 

Id  like  manner  Schroter  calcaiated  the  noon  to  posana  annalBin 
four  tboiisaad  toiset,  or  neatly  five  miles  high^iand  to  Mvttntw^ 
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ABtiBgnidLtbem  by  iquftteiiiiMi,  ai  the  mam  nuuner  is  geogim- 
pben  diftinguish  tke  iiKiaaK»w  of  ouf  omi  globe.  Derbaiii  has 
gmo  a  good  account  of  their  difiereBt  ONyeetiiie*  iippu  these  sub- 
fecti  IB  the  foUowing  paMigcib 

**  By  Riccioli's  measurea  the  height  of  what  he  calls  Mouut  8i« 
aa^  or  St«  Katharine's  Hill»  is  9  BouoniaD  miles,  and  that  of  Xave- 
rias  twelve ;  but  according  to  his  corrections,  the  former  is  but  8f^ 
miiesi  tbe  latter  1]|.  Which  at  tlie  rate  of  6020  English  feet  in  a 
BoDoniao  mite,  is  about  13  and  9  English  miles ;  an  height  so  great, 
eoDsidering  how  much  the  moon  is  less  than  the  earth,  that  1  cannot 
but  think  that  diligent  person  was  mistaken  in  his  measures^  and 
that  the  computations  of  Hevelios  are  much  the  best:  who,  as  he 
was  as  able  as  aoy  man,  and  made  more  accurate  and  diligent  ob- 
servations of  the  moon's  Ace  than  most  men  ever  did,  so  was  more 

m 

likely  to  come  nearest  the  truth.  And  by  his  reckonmg,  the  bigli^st 
hills  in  the  moon  are  but  about  i  of  a  German  mile,  and  some  of 
them  but  -f^ths,  and  aome  not  above  an  Italian  mile.  And  consi* 
dflriog  the  bulk  of  the  moon  to  that  of  tbe  earth,  these  are  great 
CBUDeaces  for  the  moon. 

^  And  as  the  lunar  mountanis  are  of  prodigious  heights,  so  many 
nf  tliem  are  of  great  extent,  ilevelius  reckons  the  lunar  Taurus  to 
reach  to  l^O  German  miles;  Mount  Sepher  150;  and  the  lunar 
Apennine  above  100  German  miles. 

**  Tbe  way  how  to  measure  the  height  of  the  mountains  of  the 
moon  is  not  difficult,  nor  ooceilain ;  which  is,  by  observing  the  dis- 
tanee  between  the  distant  golden  spots,  at  their  first  appearance 
(which  are  the  tops  of  hills)  and  the  enlightened  part  of  the  moon. 
Which  distance  may  be  computed  by  miles,  or  any  other  equal 
fatta.  Into  which  we  can  imagine  the  moon's  diameter  divided. 
Hcvd.  Seknogr.  ch.  8 ;  Galilaei  Nunc.  Sider.p,  14;  Ricdoli  Alma- 
gest«U4.c8.  SchoL 

^  On  the  edge  of  the  moon  whiph  is  next  the  sun,  I  could  never 
perceive  with  my  best  glasses' any  the  least  sign  of  a  mountain,  but 
all  to  be  eaaetly  level  and  smooth.  Only  indeed  there  are  some 
certain  transient  roughnesses  and  unevennesses  on  the  limb  caused 
by  vapours^  especudly  when  the  aMKm  b  near  tbe  horizon,  and  in 
windy  and  aome  other  weatbc^.  At  which  times  the  motion  of  tbe 
•ir  and  vapours  makes  a  pretty  crispathm  and  rolling  like  wave^  on 
tiw  osoan'a  Jiad)^  which  have  the  appearance  of  moving  mountains 
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ihitlw  il  put  rf  ifc*fcB«»  Mlwdi  fc^wd  aw  iiil%tliiii  i  pi, 
•  ■MOBtaiw  B^  vary  MKiHlly  b*  diMBiBMi  esMdy.  itaMiUhr«Bi 

ontbcMKh.  Afcwboonba««aMliMvtb»MI;1'.hM««l» 
|JlMwn!  MM  the  ■ppcuuee  •TttMridanUt  Mwrtiiw  ^dMH^i. 

*  Ttww  ■!— e  I  tentBhi  ■»  tfae  wi«irfKfai  wkU  tlw'«aedhK 
Het^m  ipoks  dT  b  Mvml  piMa  or  In  Sekooinpli;,  pi  rtlMhrt]r 

-  fai  tab  aiywtr  to  BrttiMi,  wd  atker'peripMMicit  fa  di.  ftp:  MI. 
who  <laiittd  dnrt  nmurtiva  cbold  be  fai  thi  noon,  n  wdl  m  wmj 
other  thhip  dwcevered  now  by  the  tclcMt^M." 

There  hsi  been  Hie  nme  donbl  mpectnig  the  mooa'a  poweiriw 
of  ECM  and  nren:  ttie  qxtti^  piti  or  avitieiabaonUeon  hcrfacfc, 
having  in  niMiy  iuilBUCM  been  regarded  u  aeai  fma  a  very  ewty 
period.  Thui  Plalarch,  in  hia  book  D*  Mkcie  in  Orbe  Uam,  at 
the  b^finnUig,  dlea  it  as  Ctearchiu't  opinion,  'Eixtretf  mrmxa; 
(irvi  xoi  iitu^sT^f  fuyaXi)f  &a\Kavrjt,  i  e.  "  That  wbat  k  called 

-  the  face  of  tlie  niooa,  are  the  images  and  appearaocet  of  a  great 
eea  in  the  ■nooD.'  And  about  the  niddte  of  that  tnct,  Ta  ti  f«- 
7eiu*w  turt  Ttfurunrw.  L  e.  "  Ai  to  that  ftcc  wUdi  appean  ■-the 
moon:  a*  our  earth  batb  certain  bltgebajra:  lo  w*  concain  the 
noon  is  o*ertprcad  with  large  hoUowi  md  raptwea,  caolaWag  ■•• 
ter,  oralhicli  air,  into  which  the  tnn'beaiui  are  Mt«bi»  to  cater, 
whence  no  reflection  is  produced  by  then." 

One  of  the  bett  abridged  dcMriptiom  of  Ihe  geaaill  illiirti  of 
IIh!  moon  which  we  have  bilherto  met  wiA,  b  Aa  fioUowbf  of  Dr. 
Young. 

"  The  moon  performi  a  complete  ademl  revolutioii  m  97  daja 
s^noilical  ruvolulion.  during  wliich  aht  n 
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moUmL  From  a  comparisoD  of  modem  obsemtions  with  the  most 
mdeot,  the  meaii  motion  of  the  mooa  is  fooiid  to  be  somewhat  ac« 
oelemted, 

^*  The  mooD  reroWef  on  her  own  axb  with  a  very  equable  mo* 
tioii.  and  the  period  of  her  rotation  is  precitelj  equal  to  the  mean 
period  of  lier  rerolution  round  the  earth ;  so  that  she  always  pre* 
sents  to  us  the  same  portion  of  her  surface,  excepting  tlie  apparent 
libiBtions  produced  by  her  unequal  velocities  in  her  orbit,  and  by 
the  position  of  her  axis,  which  is  inclined  l^  43f  to  the  ecliptic,  and 
sometimes  as  much  as  7^  to  her  own  orbit*  Her  distance  from 
the  earth  is  about  240000  miles;  her  diameter  i^  of  that  of  the 
earth,  or  2160  miles;  and  the  weight  of  bodies  at  her  surfiioe  is 
supposed  to  be  about  one-fifth  of  their  weight  at  the  surface  of  the 
earth. 

''  The  surfiu:e  of  the  moon  presents  to  us^  when  viewed  with  a  te* 
kscope,  a  great  divernty  of  light  and  shade,  the  principal  features  of 
which  are  viuble  even  to  the  naked  eye.  Many  of  these  inequalities 
resemble  very  stiongly  the  effects  of  volcanoes;  several  astronomers 
have  imagined  that  they  have  seen  volcanoes  actually  burning  in  the 
unenlightened  part  of  the  planet ;  and  Dr.  Hencbers  instruments 
have  enabled  him  to  obtain  satisfactory  evidence  of  the  troth  of  the 
coujecture.  The  appearance  of  a  perforation,  which  tTlloa  supposed 
that  he  observed  near  the  maigiu  of  the  moon's  disk,  in  a  solar  eclipse, 
has  been  attributed  by  some  to  a  volcano  actually  burning.  Dr<  Hal- 
ley  and  Mr.  Weidler  have  also  observed  flashes  of  light  on  the  dark 
part  of  the  moon,  considerably  resembling  the  eficcts  of  lightning. 
The  height  of  the  lunar  mountains  has  been  commonly  supposed  to 
exceed  very  considerably  that  of  the  monntains  of  the  earth }  but 
Dr.  Herachel  is  of  opinion  that  none  of  them  are  so  much  as  two 
nules  high*  The  names,  which  have  been  given  by  astronomers  to 
various  parts  of  the  moon's  surface,  are  of  some  utflity  in  the  obser- 
vation  of  the  progress  of  an  eclipse." 

**  The  inhabitants  of  the  moon,  if  the  moon  be  inhabited,  must  be 
capable  of  living  with  very  little  air,  and  less  water.  There  is  reason  to 
think  their  atmosphere  less  than  a  mile  high,  and  it  is  never  clouded ; 
so  that  the  sun  must  shine  without  intermission  for  a  whole  fort* 
night  on  the  same  spot,  without  having  his  heat  moderated  by  the 
interposition  of  air,  or  by  the  evaporation  of  moisture.  The  want 
of  water  m  the  moon  is  not,  as  some  have  supposed,  the  necessary 
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cbiuequence  of  the  want  of  ao  atinos)>here  i  but  it  is  iDfeired  iwirUy 
frooi  the  total  absence  of  clouds,  and  pajrlly  from  Uie  irregular  ap- 
pearance gf  the  margin  of  the  moon,  as  seen  in  a  solar  eclipse ;  no 
part  of  it  being  terminated  by  a  line  sufficiently  regular  to  allow  us 
to  suppose  it  the  surface  of  a  fluid;    The  cartli  must  always  appear 
to-  occupy  nearly  tlie  same  part  of  th^  sky,  or  rather  to  describe  » 
small  oval  orbit  ruund  a  particular  point,  exposing  a  surfbce  15 
times  as  great  as  that  of  the  moon  appears  to  us.    This  large  surface, 
suspended^  with  phases  continually  changing,  like  those  of  the 
■loon,  must  aA>rd,  especially  when  viewed  with  a  telescope,  an 
escettent  timepiece ;  the  continents  and  seas  coming  gradually  and 
rcgulariy  into  view,  and  aflbrding  a  variety  equally  pleasing  and 
useful*  To  us  such  a  timepiece  would  be  of  inestimable  value,  as  it 
would  afford  us  an  easy  method  of  discovering  the  longitude  of  a 
plaee,.  by  comparing  its  motion  with  the  solar  time ;  but  in  the 
iDooiH  the  relative  position  of  the  earth  and  snn,  or  of  the  earth  aud 
stars  oiily»  wodM  be  sufBcieut  for  detemlning  the  ntuation  of  any 
place  in  tight  of  the  earth ;  if,  however  there  are  no  seas  and  no  na» 
vigation,  aalronomical  obeervailions  of  this  kind  would  be  of  very 
Uttic  utility.    The  assistance  of  the  earth*^  phases  in  the  measure* 
mtnt  of  time  might,  however,  still  be  very  useful,  for  many  purposes^ 
to  the  inhabitants  of  the  nearer-half  of -the  moon ;  and  probably  the 
remoter  part  is  much  deserted,  for  in  theur  long  night  of  half  a 
month,  they  must  be  extremely  m  want  of  the  light  reflected  from 
the  earth,  unless  the  inhiibitants  hate  the  faculty  of  sleeping  through 
the  whole  of  their  dark  fortnight.    The  surface  of  the  moon  ap* 
pears  to  be  very  rocky  abd  barren,  and  liable  to  frequent  dis« 
turbances  from  Tolcanoea*    These  htfve  been  supposed  to  project 
some  of  their  contents  vrithui  the  reach  of  the  earth  s  attraction, 
which  they  might  easily  do,  if  they  could  throw  them  out  with  a  ve- 
locity of  about  eight  thousand  feet  in  a  second,  which  is  only  four 
times  as  great  as  that  of  a  cannon  ball;  and  these  stones,  falling 
through  the  atmosphere,  might  veiy  possibly'generate  so  much  heat, 
by  compressing  the  air,  as  to  cause  the  appearance  of  fiety  meteon, 
and  to  fall  in  a  state  of  IgnitMHu    The  appearance  of  the  moon,  as 
viewed  through  a  good  telescope,  is  extremely  well  imitated  by  Mr. 
Rusoers  lunar  globe,  which  is  also  capably  of  exhibiting,  with  great 
ficcuracy,  the  changes  produced  by  its  librations.'* 
The  same  vulwble  writer  ofei  tjte  foUowmg  usesul  remari^& 
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upon  other  pbaenomena  of  the  phnetSf  and  their  variations  of  bright- 
ness and  eclipses- 

''The  revolutions  of  the  primary  planets,  combined  with  that  of 
the  earth«  necessarily  produce  the  various  relations,  in  which  they 
are  either  in  opposition  or  coiyunction,  with  res|)ect  to  each  other 
or  to  the  sun,  and  in  which  the  apparent  motion  is  direct  or  retro* 
grade,  or  the  planet  is  stationary,  according  to  the  directions  and  the 
comparative  velocities  of  the  real  motions.  If  the  earth  were  al 
rest,  the  inferior  planets  would  appear  to  be  stationary  when  they 
are  at  the  greatest  elongation  or  angular  distance  from  the  sun ;  but, 
on  account  of  the  effect  of  the  earth's  motion,  Venus  is  stationary 
at  an  elougatiou  of  about  29%  while  her  greatest  elongation  is  be« 
tween  45'' and  4S\  The  greatest  elongation  of  Mercury,  in  each 
revolution,  is  from  SS^**  to  17^**  j  according  to  the  position  of  hk 
orbit,  which  is  very  eccentric.  All  these  appearances  are  precisely 
the  same  as  if  the  sun  actually  revolved  round  the  earth,  and  the 
planets  accompanied  him  in  his  orbit,  performing  at  the  same  time 
thejr  several  revolutions  round  him ;  and  the  path  which  would 
thus  be  described  in  the  heavens,  and  which  is  of  a  cycloidal  nature, 
represents  correctly  the  true  positions  of  the  planets  with  respect  to 
the  earth.  The  apparent  angular  deviation  from  the  ediptjc,  or  tha 
latitude  of  the  planet,  is  also  greater  or  less,  accordingly  as  the  earth 
b  nearer  or  remoter  to  the  planet,  as  well  as  according  to  the  incb- 
pation  of  its  orbit,  and  its  distance  from  the  node. 

'*  The  various  appearances  of  the  illuminated  discs,  especially  of 
the  inferior  planets,  and  the  transits  of  these  planets  over  the  sun, 
depend  on  their  positions  in  their  orbits,  and  on  the  places  of  the 
podes,with  respect  to  earth.  Jnpiter,*  Saturn,  and  the  Georgian 
pfamet,  are  so  remote  m  cpiqparispn  of  the  earth's  distance  from 
the  suo,  that  they  appear  always  fully  illuminated.  Venus  is  brightest 
at  an  elongation  of  about  AXf  from  the  snn,  in  that  part  of  her 
orbit  which  is  nearest  to  the  earth ;  she  thei|  appears  like  the  moon 
when  5  days  old,  one-fourth  of  her  disc  being  iUuminated ;  she  casts 
a  shadow,  and  may  even  be  seen  in  the  day  time  in  our  climates,  if 
she  happens  to  be  far  enough  north :  a  circumstance  which  occurs 
once  in  about  8  years.  In  order  that  there  may  be  a  trausit  of 
Venus  over  the  suo,  she  must  be  within  the  distance  1^**  of  her  node 
at  the  time  of  conjunction,  otherwise  she  will  pass  either  to  the 
north  or  to  the  south  of  the  sun.  instead  of  baring  immediately  intery 
posed  between  him  and  the  earth. 
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TW  pfann  Md  oc^hn  of  tlM,iMiM  n«  vtty  oMbodj  owing  M 
lbs  MMc  a«M>;  tlMtpiit  of  Ibe  Bowiwly,  oN  wMcb  Ac  Ml* 

lUMb)  bUBg  illWigjy    lllllMBltMl'vAMiln  dm   KMUHIg  |tM   b 

ModyviriMe,  by  Midt  flfriw  ligl^idkaled  «ait  AoM  ttoaMi- 
it  k,  llMnfbn,  MM  cfM^  WW  wtftiM'tiaR  oftbfc  wnrmaam,- 
vbntbe  gtcitcitiwtof  tfaenrtU'a-nrfcce  tuni«i  trnffldi  fb»' 
■MM  k  inonhNtcd;  Hb  iwrti  of  tfce  moon  which  nv  IbWcAo' 
iMj  «(lpoKd  to  the  Mrtb,  ■ppnr  to  indei^  a  libnrioi^  or  cbugo' 
ofoKiMtwo,  of  IweUmbi'McbmiaaBting  toabont  7  dqrwv;  Iht' 
oiM  trisiog  from  the  iiwqmli^  itf  tbe  moon's  Tclochy  in  ber  orbit 
at  difiemt  tiniH,  the  other  from  the  inctimtion  of  the  msn  of  her 
rotatioa  lo  her  nrbit ;  betkles  these  cfaaages,  the  dinnial  rotation  of 
the  earth  may  prodnee,  to  a  ipectator  lituHted  on  aome  parts  of  H, 
a  third  kind  of  libratJODi  or  a  cliaoge  of  almott  two  degree*  in  the 
appeariDce  of  the  moon  at  her  rinng  and  tetliiig. 

*■  When  the  moon  panes  the  CDnjuneti«m,  or  becomes  new,  near  to 
the  node,  she  ecUpiei  the  ma, and  when  slie  is  full,  or  in  opporitioii, 
in  nmilar  circnmstances,  she  lierself-enters  the  earth's  shadow.  The 
earth's  ^rfow  consists  of  two  parts,  the  true  shadow,  within  which 
none  of  the  sun's  surface  is  viable,  and  the  pennmbra,  which  is  de- 
prived of  a  part  only  of  the  sun's  l%ht ;  the  true  diadow  fbfnis  i 
cone  terainating  hi  a  point  at  a  little  more  than  S{  limes  the  meao 
distance  of  the  moon  ;  the  penumbra,  on  the  coutiarj,  condtutci^ 
together  with  the  shadow,  a  portion  of  a  cone  diverging  from  the 
earth  without  limit ;  hnl  the  only  efect  of  this  iinperfcct  shadow  is, 
that  it  causes  the  hegbining  of  a  lunar  eclipse  to  be  incapable  vt 
very  precise  deieiminatlan ;  for  the  limit  of  the  dirkcoed  port<Krtbe 
moon,  as  it  appears  hi  the  progress  -  of  the  ecHpae,  is  that  of  the  tme 
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*' When  the  mo  b  edipsed,  it  depends  oo  the  situttkms  of  the  earth 
mnd  moon  in  their  orbiti^  whether  the  tnn  or  moon  sohtends  the 
gremtest  «^  as  seen  from  the  earth  ;  stnoe at  theirmean  distances 
their  apfiarent  diameteia  are  each  about  half  a  degree.  If  the  son's 
appaieot  diameter  is  the  greater,  the  eclqise,  when  the  centres  coin« 
cide»  mutt  be  annnlar,  the  margin  of  the  son's  disc  being  still  visible 
10  the  form  of  a  ring :  when  the  moon's  apparent  diameter  is  greater 
ttan  the  son's,  the  eclipse,  if  central,  becomes  total :  but  still  a  ring 
of  pale  light  is  seen  round  the  disc,  which  has  been  attributed  to  the 
efiect  of  the  sun's  atmosphere,  since  that  of  the  moon  b  probably 
too  inconsiderable  to  produce  the  appearance :  a  red  streak  is  also 
sometimes  observed  at  the  matgin,  before  the  actual  emersioo  of 
the  sun.  The  degree  of  darkness  depends  on  the  situation  of  the 
place  of  observation  within  the  shadow,  on  account  of  the  greater  or 
less  illumination  of  the  atmosphere  within  view ;  sometimes  a  con« 
sideraUe  nmnber  of  ^ars  may  be  seen  during  a  total  eclipse  of  the 


"It  is  obftons  that,  nnce  the  earth  is  much  larger  than  the  moon, 
the  whole  shadow  of  the  moon  will  only  pass  over  a  part  of  the' 
earth's  sorftce ;  and  that  no  solar  eclipse  can  be  visible  hi  the  whole 
of  the  hemisphere  turned  to  the  sun :  while  lunar  eclipses,  on  the 
contrary,  present  the  same  appearance  wherever  the  moon  is  visible. 
In  the  same  manner,  to  a  spectator  on  the  moon,  an  eclipse  of  the 
earth,  or  a  transit  of  the  moon's  shadow  over  the  earth's  d»c,  would 
have  neariy  the  same  appearance  wherever  he  naght  be  stationed  i 
but  aneclipBe  of  the  sun  by  the  earth  would  he  total  to  that  part  of 
the  moon's  sorfiioe  only,  which  to  us  appears  dark  at  tlie  same  timei 

"The  nsoon's  nodes  arrive  veiy  neariy  at  the  same  situation  with 
respect  to  the  earth  after  293  lunations,  or  revolutions  of  the  moon, 
which  are  performed  in  18  years  of  365  days  each,  15  days,  J  hours, 
and  43}  mmutes ;  so  that  after  a  period  of  about  18  years,  the  se- 
ries of  eclipses  recommences  neariy  m  the  same  order.  This  cir- 
cumstance was  observed  by  the  ancients,  and  is  mentioned  by  Pto* 
lemy  and  1^  Pluiy.  When  the  full  moon  happens  within  7f  *of  the 
node,  there  must  be  a  lunar  eclipse,  and  there  may  be  an  eclipse  at 
the  distance  of  IS*  from  the  node.  An  eclipse  of  the  sun  may  happen 
when  the  moon  changes,  or  comes  mto  copjunctkm  with  the  sun,  at 
any  distance  within  17 Y  of  the  node.  The  mean  number  of  eclipses 
srbich  occur  in  a  year  is  about  4;  and  there  are  sometimes  as  many 
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u  7 ;  tbcK  mult  twcemrily  be  two  lolu  erlifMea,  but  it  is  posiiUe 
thit  tliere  toty  not  be  even  ODe  lunar.  In  (peaking  of  tbc  ma^pgi* 
tude  of  the  put  of  tlie  lun  or  moon  eclipied,  it  ii  uuwl  to  couidar 
the  whole  diameter  ai  divided  into  twtWe  parti,  called,  digttf,  each 
of  which  cDulaiiu  thirty  miuutea :  thai  if  one-iiAh  part  of  tbo  dia* 
meter  were  darbi  (he  estcut  of  the  eclipse  would  be  called  3  digita 


•'TbemooatisTdi  tlirougb  the  beaveiu  with  ■  motion  contnry  to 
4teir  apparent  dinniai  revolution.  Hence  ihe  risei  and  ieti>oa  an 
average,  about  three  quarters  of  an  hour  later  every  day.  The 
least  possible  difference  between  the  timei  of  the  moon's  riung  on 
two  successive  daj>s,  is,  in  London,  17  miaulei;  aud  tiiii  circum> 
stance  occurs  ouce  in  about  19  yeaisj  which  is  nearlj'  the  period  of 
the  moon's  nodes  with  reelect  to  the  beavean  ;  tlie  greatest  possible 
diiference  is  I  hour  17  miuules.  But  it  fiappeus  evei;  uoulh  ihal 
the  difference  becomes  greater  and  leu  by  turus,  and  when  the  least 
difference  is  at  the  time  of  the  full  moon,  it  is  usually  called  tbt 
baireit  moon.  In  parts  oeaier  to  the  pedes,  the  moon  often  nses 
at  the  same  hour  on  two  succeeding  days. 

"The  eclipses  of  the  satellites  of  Jupiter  exhibit  appearances  ex- 
tremely iuteresling  for  (heir  utility  in  ideatifying  the  same  lutiant 
of  time  in  different  places.  On  account  of  the  imall  inclination  of 
their  orbits  to  the  plane  of  Jupiter's  orbit,  the  tint  three  never  pau 
the  shadow  without  being  plunged  into  it,  and  the  fourth  but  sel> 
doni ;  while  those  of  Saturn  are  touch  less  frequently  Uable  to  b« 
eclipsed,  on  account  of  their  greater  deviation  from  the  plane  of  bit 
ecliptic.  These  satellites  are  also  frequently  hidden  behind  the 
body  of  the  planet,  and  this  circumstance  conitilutea  an  occulta- 
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1q  a  totel  eclifMe  of  tbc  no,  ISMky,  1706,  tstmkof  lightwu 
observed  6^  or  1''  before  tbe  stui*s  disc ;  hence  Fkunstead  iofen 
H  lunar  atmosphere  -^th  of  tbe  moon's  diameter  in  height ;  but 
this  might  have  been  from  oblique  reflection* — ^Phil.  Trans*  1706« 

During  a  total  eclipse  of  the  mooo«  UUoa  observed  that  there 
was  a  great  appearance  of  light  round  the  moon,  which  seeibed  to 
be  agitated,  and  emitted  lays  to  tbe  distance  of  a  diameter;  it  was 
veddish  next  the  moon,  then  yellowish.    Stars  of  the  first  and  se- 
cond magnitude  were  seen^  those  of  the  first  for  about  4  minutes. 
A  minute  and  a  quarter  before  tbe  emersioto,  a  small  point  was 
tisiUe  near  the  disc  of  the  moon*    From  tbe  ruddy  colour  of  the 
light,  tbe  ring  is  referred  to  the  moon's  atmosphere ;  the  spot  to  a 
fissure  in  the  moon's  substance..   Such  a  fissure  must  have  been 
above  40  miles  in  depth.— Phil.  Trans.  1779. 
.  The  Egyptians  reckoned  by  jean  of  365  days;  Hipparchus  and 
Ptolemy  employ  the  same  method.    In  A  J>.  940^  the  first  day  of 
the  Egyptian  year,  was  the  first  of  January ;  another  Egyptian  year 
began  31  December.    In  the  new  8tile»  10  days  were  omitted  ia 
1562;  before  this  time,  each  century  contained  36,525  daysn-* 
Robinson. 

To  find  the  prime  number,  sometimes  called  tbe  solar  cycle,  add 
g  and  divide  by  28;  the  indiction,  add  3  and  divide  by  15.  Add 
I  to  the  year  and  divide  by  I9»  the  remainder  is  the  golden  number, 
take  1  from  tlie  golden  number,  multiply  by  1 1,  and  divide  by  30, 
the  rcnuunder  is  the  qmct,  or  the  DKran's  age,  on  tbe  first  of  Janu* 
ary. — ^Lalande. 

In  astronomical  hmguage,  1  Jan.  1805,  6  o*clo^  A.M.  is  1604^ 
Dec  3  Id.  18b.— Lichteaberg. 


CHAP.  XXUL 

6TAR8    YISIBLB   IN    LONDON^    INCLUDINO   ALL   OF   TUS 

FIBST  AMD  SECOND  MAONITUOg. 

*Whbn  a  spherical  surface  has  been  projected  on  a  plane,  it  has 
been  usual  to  consider  it  as  viewed  from  a  particular  point,  either 


Ihe  uppotite  lurfaw  of  the  >|>l)ore,  as  in  tlie  stercognphical.  llii^ 
laller  mplliod  produces  lliv  least  dUlorliun,  and  ia  the  most  cniB^ 
nioalj  ust^d,  but  eveti  Iiere,  at  llie  extreniilJeEi  of  (he  IiMn»)>lierc^ 
tlie  scale  is  mice  a»  ^real  as  in  the  middle.  Sometime  Bnofker' 
principle  is  eiuployed,  and  the  hemi«pheic  is  divtdeil  into  MgrnCDttb* 
by  omitting  portions  in  the  direclioni  of  thtir  radii,  ss  if  the  papal' 
were  intended  lo  be  fixed  on  a  globe ;  and  in  the  same  form  as  if  tf 
s|i)ietic3l  »iiriBce  were  cut  in  ihe  direction  of  its  ineridisiM,  uttf 
ijireiirt  OR  a  plaue.  If  Itie  number  of  the^e  divisions  be  increased 
wiUioat  limit,  the  nmh  will  lie  tin  pnjecliaa.  wUih  to  tmftl^ 
in  the  circular  put  of  tbii  diagnm,  ud  h  the  nae  WBMM'At 
soDC  on  each  side  the  eqwHoetfal,  belag  cut  i^kii  by  ioiiBiiMnbto 
divisions,  so  as  to  be  ipmH)  on  a  phnej  will  coiacidc  witli  the  two 
rcnahuiig  pottiont.  By  these  neani  the  dtttoftioB  becomei  neon- 
■idenble.  Id  the  conimoB  rtereographicd  pnyectioB  BMleed,  th« 
diitonioa  would  be  of  no  conacqiMiMe^  if  it  rapreieBtcd  alwaya 
tiuae  Stan  only,  whidi  are  at  oon  ibaw*  the  hgmmi  of  a  given 
place,  for  we  actually  imagine  the  An-  in  At  aeaith  to  be  much 
nearer  together,  than  when  they  are  Dcanr  the  boriion,  and  the 
picture  woold  af^tear  lo  agree  vei;  wdl  with  An  oiignH);  brt  their 
potitiont  being  continnally  cbangiDg,  the  ineomcoieiKe  mnma. 

It  b  not  however,  neeeuary,  in  pn^eetioM  of  Ac  ttm*  to  nttt 
tbciD  in  any  inatance  to  a  spherical  cnrftce,  Amoag  DM^OWjcrt 
cbarta,  pabHdicd  at  NoTcmberg,  theta  an  rix  wliliK  I^MMMIIha 
sidei  of  a  cnhe,  on  which  the  variouipartiof  tbteoiMHMMian 
jepmented ;  the  eye  being  probably  aappoaed  to  bo  ailHihrf'hlr'taM 
FuQck  and  olliers  liavp  reprcsfnied  iNe  »lar»  as  projected 
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Ibe  ftin  to  whieb  tin  pUari*  approMch.    Tlie  borisoo,  tnd  othn 
gicit  circlet,  woaM  (ana  han  of  niioua  and  contni;  curraturcfc 
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CHAP.  XXXV, 

OH  TBI  VCTOftK  PSOOBUB  OV  ACTmOKOXT^ 


FlOH  the  fttttSag  olMontiMM,  it  hu  nffidoitly  appeutd  ifiat 
tile  inuBcuM  globe  of  the  ini^  the  fociu  of  >11  the  motiou  gf  ,ihe 
hnrcDlj  boilin,  nvolves  upon  iti  tsii  in  Iwcnty-five  dtyi  Ud  i 
Iilir.  It*  vurftce  i»  coreml  with  an  ocean  of  liiminoui  naKer, 
wbose  active  effervescence  fomu  variable.  »pots,  oAen  very  numer- 
ous, and  sometimes  larger  than  tlie  earth.  Above  litis  oc(;aii  exalt 
an  iinmeuiie  atmosphere,  id  which  the  plaoeti^  with  their  safeltitcs, 
move,  in  orbits  nearly  circular,  and  in  planet  Utile  incliaed  to  tbe 
ecliptic.  Innumerable  comets,  after  having  apptoached  the  sua, 
remove  to  distHnc«,  which  evince  that  his  em|Hra  extt^nds  beyond 
the  known  liinils  of  tbe  plaiieUr^  system.  'Hiii  Inminary  not  onl; 
actsfavilsultmction  upon  all  these  globei,  and  comfKls  thein  to  move 
around  liiiu,  bui  imparti  to  Ihem  both  light  tod  lieal ;  hu  benign 
influence  gives  birth  to  tbe  animals  and  plants  which  cover  the  surface 
of  tbe  earth,  and  analogy  induces  us  to  beliere,  that  it  produces  simi* 
laf  effects  on  the  phuets;  for,  it  is  not  natural  to  suppose  that 
mitter,  of  which  we  see  the  fecundity  develop  iticlf  in  n^  nrioua 
wayi,  should  be  sterile  upon  a  planet  so  large  ai  Jopiteri  wUch, 
like  the  cartli,  has  its  days,  its  nights,  and  his  yeus,  aad  on  wjich 
ubservHlioD  discovers  cliiinyes  lliiit  iudicate  veiyacli 
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light  oa  their  origin ;  eonsideriog  them  with  attention^  we  are  as- 
touisheil  to  tee  all  the  planets  move  round  the  Sun  from  west  to 
east,  and  nearly  in  the  same  plane  all  the  satellites  moving  round 
their  respective  planets  in  the  same  direction,  and  nearly  in  the  same 
plane  with  the  planets.  Lastly^  the  sun,  the  planeti,  and  those 
satellites  in  which  a  motion  of  rotalion  has  been  observed,  turn  on 
then:  own  axis,  in  the  same  direction,  and  nearly  in  the  same  plane 
as  their  motion  of  projection. 

A  phenomenon  so  extraordinary,  is  not  the  effect  of  chaaee ;  it 
indicates  an  universal  cause,  which  has  determined  all  tliese  motions. 
To  approximate  somewhat  to  the  probable  explanation  of  this  caus^, 
.we  should  observe  that  the  planetary  system,  such  as  we  now  con- 
sider it,  is  composed  of  seven  planets,  and  fourteen  satellites.    We 
have  observed  the  rotation  of  Ihe  sun,  of  Bve  planets,  of  the  moon, 
of  Saturn's  ring,  and  of  his  ftrthest  satellite ;  these  motions  with 
those  of  revolution,  form  together  thirty  direct  movements,  in  the 
same  direction.     If  we  conceive  the  plane  of  any  direct  motion 
whatever,  coinciding  at  (irst  with  that  of  the  ecliptic,  afterwards 
inclining  itself  towards  this  last  plane,  and  passing  over  all  the  de^ 
^rees  of  mclination,  from  zero  to  half  the  circumference;  it  is  clear 
that  the  motion  will  be  direct  in  all  its  inferior  inclinations  to  a  hun- 
dred degrees,  and  that  it  will  be  retrograde  in  its  inclination  beyond 
that ;  so  that,  by  the  change  of  inclination  alone,  the  direct  and 
*  retrograde  motions  of  the  solar  system,  can  be  represented.    Beheld 
in  this  point  of  view,  we  may  reckon  twenty-nine  motions,  of  which 
the  pbmes  are  incliiied  to  that  of  the  earth,  at  most  ^th  of  the  cir- 
cumference ;  but,  supposing  their  inclinations  had  been  the  efieet  of 
efaaooe,  they  would  have  extended  to  half  the  circuniferenoe,  and 
the  probability  that  one  of  them  would  have  exceeded  tiie  quarter, 
would  be  l^-iV*  ^^  \\\\\%%\h     1^  "  ^«n  extremely  probable, 
that  the  durection  of  the  planetary  motion  is  not  the  efieet  of  chance, 
and  this  becomes  still  more  probable,  if  we  consider  that  the  incli- 
nation of  the  greatest  number  of  these  motions  to  the  ecliptic,  b 
very  small,  and  much  less  than  a  quarter  of  the  circumference. 

Another  phenomenon  of  the  solar  system  equally  remarkable,  is 
the  stnall  eccentricity  of  the  orbits  of  the  planets  and  their  satellited, 
while  those  of  comets  are  much  extended.  The  orbits  of  the 
aystem  ofler  no  intermediate  shades  between  a  great  and  small  tt* 
centricity.    We  are  here  again  compelled  to  acknowledge  the  efieet 
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of  a  regular  cause;  chance  alone  could  not  baTC  given  a  form  naatf 
cireular,  to  the  orbits  of  all  the  planets*  This  cause  then  must  also 
have  influenced  the  great  eccentridtj  of  the  orbits  of  comets^  .an4 
v^bat  b  verj  extiaorduiary^  without  having  any  mfluenoe  on  the  di- 
rectioB  of  theur  motion;  for,  in  observing  the  orbits  of  retn^gnde 
couietB»  as  being  uwlined  more  than  lOOP  to  the  ecliptic,  we  find 
that  the  mean  inclination  of  the  orbits  of  all  the  observed  oometi^ 
approaches  near  to  IOOP9  which  would  be  the  case  if  the  bodies  had 
b^en  prqiected  at  random. 

Thus,  to  utvestigate  the  cause  of  the  prinutive  motions  of  the 
phmetB»  we  have  given  the  five  following  plueiiomena :  ]st»  The  mo- 
tions of  pknets  in  the  same  direction,  and  nearly  in  the  same  plane. 
3d,  The  molioii  of  their  satellites  in  the  same  direction,  and  nearly 
in  the  same  pfame  with  those  of  the  planets.  3d,  Tfie  motion  of 
rotation  of  these  difierent  bodies,  and  of  the  sun  in  the  same  direc- 
tion as  their  motion  of  projection,  and  in  planes  but  little  different. 
4th,  Tlic  small  eccentricity  of  the  orbits  of  the  planets,  and  of  their 
satellites.  5ili,  The  great '  eccentricity  of  the  orbits  of  cometii 
although  their  inclinations  may  have  been  left  to  chance. 

Bufibii  is  ilie  only  one  whom  I  have  known,  who,  since  the  disco- 
very of  the  true  system  of  the  world,  has  endeavoursd  to  investigate 
the  origin  of  the  planets,  and  of  their  satellites.  He  suf^poses  that 
a  comet,  in  tailing  from  the  sun,  may  have  driven  off  a  torrent  of 
matter,  wliich  united  itsdf  at  a  distance,  uito  various  globes,  greater 
or  smaller,  and  more  or  less  distant  from  this  luminary.  These 
globes  are  tlic  planets  and  satellites,  which,  by  theur  coolings  are  be* 
come  opaque  and  solid. 

This  hypotliesis  accounts  for  the  first  of  the  five  preceding  ph«- 
nomcna ;  for,  it  is  clear  that  all  bodies  thus  formed,  must  move 
nearly  in  the  plane  which  passes  througii  the  centre  of  the  sun,  and 
in  the  du-ectiou  of  the  torrent  of  matter  which  produces  them.  The 
four  other  pliseuomena  ay^iears  to  me  inexplicable  by  iiis  theory.  In 
fact,  the  absolute  motion  of  the  particles  of  a  planet  would  then  be 
in  the  same  direction  of  the  motion  of  its  centre  of  gravity ;  but  it 
does  not  follow  that  the  rotation  of  the  planet  would  be  in  the 
same  direction.  TIium,  the  earth  may  turn  from  west  to  east,  and 
yet  tiie  absolute  direction  of  each  of  its  particles  may  be  from  cast 
to  west.  What  1  say  of  the  rotatory  motion  of  the  planets,  is  equally 
applicable  to  the  motion  of  their  satellites  m  their  orbits,  of  which 
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the  direction  in  the  hypothesis  he  adopts,  b  not  necessarily  the  same 
with  the  projeetUe  motion  of  the  planets. 

The  small  eccentricity  in  the  motion  of  the  phmetary  orbits,  is 
not  only  veiy  difficult  to  explain  on  this  hypothesis,  but  tlie  pheno- 
menon contradicts  it.  We  know  by  the  theory  of  central  forces, 
that  if  a  body  moving  in  an  orbit  round  the  sun,  touched  the  snr^ 
ftoe  of  this  luminary^  it  would  uniformly  return  to  it  at  the  com- 
pletion of  each  revolution ;  from  whence  it  follows,  that  if  the 
planets  had  originally  been  detached  from  the  Sun,  they  would 
have  touched  it  at  every  revolution,  and  their  orbits,  far  from  being 
circular,  would  be  very  eccentric.  It  is  tme,  that  a  torrent  of 
nuitter,  sent  off  from  the  sun,  cannot  correctly  be  compared  to  a 
globe  which  touches  its  surface.  Tlie  impulse  which  the  particles 
of  thb  torrent  receive  from  one  another,  and  the  reciprocal  attnic* 
tion  exercised  among  them,  may  change  the  direction  of  their 
motion,  and  increase  their  periheliou  distances;  but  their  orbits 
would  uniformly  become  very  eccentric,  or  at  least  it  must  be  a  very 
extraordinary  chance  that  would  give  tbem  eccentricities  so  small  as 
those  of  the  planets.  In  a  word,  we  do  not  see,  in  this  hypothesis 
of  BufRm,  why  the  orbits  of  about  eighty  comets,  already  observ- 
ed, are  all  very  elliptical.  This  hypothesis,  then,  is  far  from  ac- 
coimtiii^  for  the  preceding  phsniomeua*  Let  us  see  if  it  is  possible 
to  arrive  at  their  true  cause. 

Whatever  be  the  nature  of  thb  cause,  since  it  has  produced  or  di- 
rected the  motion  of  the  planets  and  their  satellites,  it  must  have 
embraced  all  these  bodies ;  and  considering  the  prodigious  dbtance 
which  separates  them,  it  can  only  be  a  fluid  of  immense  extent.  To 
have  given  in  the  same  direction,  a  motion  nearly  circular  round 
the  tun,  this  fluid  must  have  surrounded  the  luminary  like  an  at- 
mosphere. Thb  view,  therefore,  of  planetary  motion,  leads  us  to 
think,  that  m  consequence  of  excessive  heat,  the  atmosphere  of  the 
sun  orighially  extended  beyond  the  orbits  of  all  the  planets,  and 
that  it  has  gradually  contracted  itself  to  its  present  limits,  which 
may  have  taken  place  from  causes  similar  to  those  whicli  made 
the  famous  star  that  suddenly  appeared  in  1572,  in  the  constellation 
Cassiopeia,  shine  with  the  most  brilliant  splendour  during  many 
months. 

The  great  eccentricity  of  the  orbits  of  comets,  leads  to  the  same 
result;  it  evidently  mdicates  the  dbappearance  of  a  great  number 
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of  orbits  less  ecceutric,  which  intimates  an  atmosphere  round  the 
sun,  extending  beyond  the  perihelion  of  observable  comets-;  and 
which,  in  destroying  tlie  motion  of  those  which  have  traverwd 
it  in  a  duration  of  such  extent,  has  re-united  them  to  the  suo- 
Thus,  we  see  that  tliere  can  at  present  only  exist  such  comets  as 
were  beyond  this  limit  at  that  period.  And  as  we  can  obsenfc  only 
tliose  which  in  their  perihelion  approach  near  the  sun,  their  orbits 
must  be  very  eccentric :  but,  at  the  same  time,  it  b  evident  that 
I  heir  inclinations  must  present  the  same  ine(|ualities  as  if  the  bodies 
Jiad  been  seat  off  at  random,  since  ilie  solar  atmosphere  has  no 
influence  over  their  motions.  Thus,  the  long  period  of  the  revolu* 
tions  of  comets,  tlie  great  eccentricity  of  their  orbits,  and  the 
variety  of  tbeur  inclinations,  are  very  naturally  explained  by  means 
of  this  atmosphere. 

But  how  has  it  determined  the  motions  of  revolution  and  rotation 
of  the  phmetsi  If  tliese  bodies  had  penetrated  Ihb  fluids  its  resist* 
ance  would  have  caused  them  to  fall  into  tlie  sun.  We  may  then 
coi\|ecturey  that  they  have  been  formed  at  the  successive  bounds  of 
this  atmosphere,  by  the  condensation  of  zones,  which  it  must  hare 
abandoned  in  the  plane  of  its  equator,  and  in  beconiuig  cold  have 
condensed  themselves  towards  the  surface  of  this  luminary*  One 
may  likewise  conjecture,  that  the  satellites  have  been  formed  in  a 
similar  way  by  the  atmosphere  of  the  planets.  The  five  phae:io- 
niena,  explained  above,  naturally  result  from  this  hypothesis, 
to  which  the  riugs  of  Saturn  add  an  additional  degree  of  proba- 
bility. 

Whatever  may  have  been  the  origin  of  this  arrangement  of  the 
planctaiy  svstem,  which  I  oflVr  with  that  distru«>t  which  every  thing 
ought  to  inspire  that  is  not  the  result  of  observation  or  calculation ; 
it  is  certain  that  its  elements  are  so  arranged,  that  it  mu6t  possess 
the  greatest  stability,  if  future  observations  do  not  disturb  it. 
Til  rough  this  cause  alone,  tliat  the  motions  of  planets  and  satellites 
are  nearly  circular,  and  iiii))elled  ui  the  same  direction,  and  in 
planes  diflering  but  little  from  each  other,  it  arises  that  this  system 
can  only  oscillate  to  a  certain  extent,  from  which  its  deviation  must 
be  extremely  limited ;  the  mean  motions  of  rotation  and  revolutiou 
<if  ihe&e  ditlereut  bodies  are  uniform,  and  their  mean  distances  to  the 
foci  of  the  principal  forces  which  animate  them,  are  uniform.  It 
seems  that  nature  has  disposed  every  thing  in  tiie  heavens  to  iusuce 
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the  duntioD  of  die  sjstem  by  wws  similar  to  those  which  she 
appears  to  us  so  admirably  to  Mlow  upon  the  earthy  to  preserve  the 
individual  and  msure  the  perpetuity  of  the  species. 

Let  us  now  look  beyond  the  sdar  system*  Innumerable  sons» 
which  may  be  the  foci  of  as  many  planetary  systems,  are  spread  out 
in  the  immensity  of  space^  and  at  such  a  distance  from  Uie  earth  j 
that  the  entire  diameter  of  it,  seen  from  their  centre^  is  insensible. 
Many  stars  experience  both  in  then*  colour  and  splendour^  periodi- 
cal variations,  very  remarkable;  there  are  some  which  have 
appeared  all  at  once,  and  disappeared  after  having  for  some  time 
spread  a  brilliant  light.  What  prodigious  change  must  have  ope- 
rated on  the  surface  of  these  great  bodies,  to  be  thus  sensible  at  the 
distance  which  separates  them  from  us,  and  how  much  they  must 
exceed  those  which  we  observe  on  the  surface  of  the  sun  7  All  these 
bodies  which  are  become  invisible,  remain  in  the  same  place  where 
they  were  observed,  since  there  was  no  change  during  the  time  of 
their  appearance;  there  exist  then  in  space  obscure  bodies  as  consi- 
derable, and  perhaps  as  numerous  as  the  stars.  A  luminous  star,  of 
the  same  density  as  the  earth,  and  whose  diameter  should  be  two 
hundred  and  fifty  times  larger  than  that  of  the  sun,  would  not,  in 
consequence  of  its  attraction,  allow  any  of  its  rays  to  arrive  at  us; 
it  b  therefore  possible  that  the  kigest  luminous  bodies  in  the  uni- 
verse»  may,  through  this  cause,  be  invisible.  A  star,  which,  without 
being  of  this  magnitude,  should  yet  considerably  surpass  the  sun, 
would  perceptibly  weaken  the  velocity  of  its  light,  and  thus  augment 
the  extent  of  its  aberration.  This  difiereoce  in  the  aberration  of 
stars  and  their  situatfen,  observed  at  the  moment  of  their  transient 
splendour,  the  determmation  of  all  the  changeable  stars,  and  the 
periodical  variations  of  their  light;  in  a  word»  the  motions  peculiar 
to  all  those  great  bodies,  which,  influenced  by  their  mutual  attrac- 
tion, and  probably  by  their  primitive  impulses,  describe  immense 
orbits,  should,  rebUively  to  the  stan,  be  the  principal  ol^ects  of 
future  astronomy. 

It  appears  that  these  stars,  far  from  beiug  disseminated  at  dis- 
tances nearly  equal  in  space,  are  united  in  various  groups,  each  con- 
sisting of  many  millions  of  stars.  Our  sun,  and  the  most  brilliant 
stars,  probably  make  part  of  one  of  these  groups,  which,  seen  from 
the  point  where  we  are,  seems  to  encircle  the  heavens,  and  forms  the 
milky  way.    The  great  number  of  stars  which  are  seen  at  oucc  in 
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Mriw from  the cMthj  wit rtbMia»l^jw^imn,>»|liiiLtialt'ft|f 

Anftfae  vndiMiH  iilikfatsrirttnw  iaih»nbit-|ni<WM:|^ 
Mopti,  owenitad  obicirei  lb*' iMeknndi  betmea  tbe  MM*  ''Itb 
tbta  pnUbl*,  tint  tboM  iMbuhi,  witbtiat  Adnet  atariiUB  VMfk 
«f  •Cm  Hot  ftMi  ■  dbttim^  ^■■d  whblr,  if  ifptmebii,  «)hH 

pmrot  ippcMiBBei  tUlwr  to  <b«  mi&y  wiy. 

The  relative  duUnee*  of  tbe  itui  whicK  form  «dl  grbotii  iR.lt 
Irait  a  bundred  iboumnd  dma  greater  thin  the  dbtanoe  of  ihe  nnB 
from  tb«  earth.  ThiUi  wo  may  Judge  of  the  pndigiowcxCeMbf 
tb«se  grmipi,  b;  llie  number  of  itan  wbicb  are  pereeliv<i  In  titi 
milky  way :  if  we  afterwards  reflect  od  the  Hnall  extent  and  infinite 
number  of  nebaln  nbich  are  leparated  from  ooe  anotiier  by  an 
interval  incomparably  greater  than  the  relative  dittance  of  tbe  star* 
of  which  ihey  are  tbrmed ;  the  innjpnatiDO,  hMt  hi  the  int 
of  the  universe,  will  have  diffionlhr  to  conceive  iU  bonads. 

From  these  consideration*,  faoMted  An  tetaitopic  tibwmtkUM,  it 
follows,  that  uebnitt,  which  appelr  bq  well  Aised«  t^  tiwir 
centres  can  be  precisely  determined,  Are,  with  rtganl  to  m,  the 
celestial  objects  most  fixed,  and  those  to  *hiehH  bbeitlbtalbir  tb* 
■ituaaoii  of  all  the  stars.  It  follows  then,  that  tbe  ■'itJooi  of  the 
bodies  of  our  solar  system  are  verjr  Mmplieated;-  ThaMNnda* 
scribes  an  orbit  nearly  circular  arooad  the  «*ith;.  Ht^  iMk  Amu 
tbe  sun,  she  describes  a  series  of  epieyclotda,  of  wUtbtbo  centiw 
arc  on  the  circumference  of  tbe  termtrial  orMt. '  ill  Ike^maiaier, 
the  earth  describes  a  series  of  epicj^Mdi;  ofiAiA  tb*  cMtileaarv 
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tioD  begins  to  itnder  Ukid  perceptible ;  ao  attempt  has  been  made 
to  explain  them  by  a  chaqgt  of  poaition  in  the  wn,  indicated  by  its 
rotatory  motioo*  Many  obeervatioos  are  suflkiently  well  explained. 
by  suppoaing  tbe  iolar  syitem  carried  towards  the  constellatiou 
Hetcules.  Other  obiervations  seem  to  prove,  that  these  apparent 
motions  of  the  stars  are  a  combination  of  their  real  motion 
with  that  of  the  sun*  Upon  this  suiyect»  time  will  discover  curious 
and  important  facts. 

There  still  remains  numerous  discoveries  to  be  made  in  our  own 
lystem.  The  planet  Uranus  and  its  saieltitesj  but  lately  known  to 
uSj  leave  room  to  suspect  tbe  existence  of  other  planets,  hitherto 
unobserved.  We  cannot  yet  determine  the  rotatory  motion,  or  the 
fl^ttenmg  of  many  of  the  planets^  and  the  greatest  part  of  their 
satellites.  We  know  not,  with  sufficient  precision,  the  density  of  all 
these  bodies.  The  theory  of  their  motions  is  a  series  of  approxima- 
tions, whose  convergence  depends,  at  the  same  time,  on  the  perfec- 
tion of  our  insiniments,  and  the  progress  of  analysb,  and  which  must, 
by  these  means,  daily  acquire  new  degrees  of  correctness,  fiy  ac* 
curale  and  repeated  measurement,  the  inequalities  in  the  figure  of 
the  earth,  and  the  variation  of  weight  on  its  surface,  will  be  deter- 
mmed.  The  return  of  comets,  already  observed,  new  comets  which 
will  appear^  the  appearance  of  those,  which,  moving  in  hyperbolic 
orblts>  can  wander  from  system  to  system,  the  disturbance  all  those 
stars  experience^  and  which,  at  the  approach  of  a  large  planet,  may 
entirely  change  then:  orbits,  as  is  conjectured  happened  by  the 
action  of  Jupiter  on  the  comet  of  1770;  the  accidents,  that  the 
proximity,  and  even  the  shock  of  these  bodies,  may  occasion  in  the 
pbmets,  and  in  the  satellites ;  in  a  word,  the  changes  which  the 
motioiis  of  the  solar  system  experience  with  respect  to  the  stars ; 
anch  are  the  principal  objects  which  the  system  presents  to  astrono* 
mical  researches,  and  future  geometricians. 

Contemplated  as  one  grand  whole,  astronomy  is  the  most  beau* 
tiful  monument  of  tbe  human  mind ;  the  noblest  record  of  its 
intelligence.  Seduced  by  the  illusions  of  the  senses,  and  of  self- 
love,  man  considered  himself  for  a  long  time  as  the  centre  of  the 
motion  of  the  celestial  boijies,  andhn  pride  was  justly  punished  by 
the  vain  terrors  they  inspired.  The  labour  of  many  ages  has  at 
length  withdrawn  the  veil  whkh  covered  the  system.  Man  appears, 
uppn  a  small  planet,  ahnost  imperceptible  in  the  vast  extent  of  tha 
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«ol>r  •yilcni,  iuelf  only  an  insensible  point  in  the  immcnsitj  of 
gpaM,  The  subtinie  reiults  to  w)iicl>  this  discovery  has  led,  nia; 
conaale  him  for  the  limited  place  assigned  him  in  ibe  nniTerae.  Let 
u*  carefiilty  preserve,  and  even  augment  tlie  number  of  tlieie 
sublime  discoveries,  which  farm  the  delight  of  thinking  being*. 
They  have  rendered  im|Mrlaiit  services  to  navigation  aiid  utro- 
■  noniy ;  but  their  great  benefit  has  been  (he  having  dissipated  the 
alarms  occasioned  by  extraordinary  celestial  phaenomena,  and  de- 
stroved  the  errors  springing  from  the  ignorance  of  our  true  relation 
tvilh  nature  ;  errors  so  much  the  more  fatal,  as  social  order  can  only 
rest  in  thebatbof  tfaeae  i^tioni.  Tbtttb,  Juiticb;  tbcK  aw 
its  imnnaliible  laws.  Far  tnm  ui  be  the  dangeroDS  maxiin,  tbst  It 
is  sometimes  useful  to  mislead,  to  deceive,  and  eiulare  mankiod, 
to  insure  their  happiness.  Cmel  experience  has  at  all  times  proved, 
that  with  impunity  these  sacred  laws  can  never  be  bfringed. 

{La  Phut,  Sjtttme  dm  MmiJe.l 


BISTORT  OPSTSTEMATICAL  PHSTSICd. 


X  HOUGH  we  commonly  give  the  appellation  of  systems  to  the  dif- 
fereat  suppositions  by  which  Ptolemy,  Copernicus,  and  Tycho  Brahe. 

ndeavoure^^aceounHoMli^ 
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ceediDg  in  straght  lines,  tnd  others  in  Gorredy  fell  into  different 
clusters,  and  formed  bodies  uid  spirits ;  that  the  free  agency  of  man 
was,  above  all«  the  work  of  atoms  which  moved  in  a  declining  fine ; 
thus  chance  made  the  sun,  peopled  the  earth,  established  the  ordiT 
which  subsists  in  it  * ;  and  framed^  out  of  one  and  the  same  pusfr^ 
the  worlds  and  the  intell^nt  being,  which  is  the  spectator  of  it ;  that 
we  are  not  to  imagine  the  sun  was  made  to  light  us,  or  our  eyes  to 


*  Atheism  does  not  appear  to  have  extended  so  far  as  ts  here  conceived  : 
and  it  is  dae  to  the  character  of  Epicums,  and  is  demanded  of  us  by  the  can- 
dour of  i^enuinc  philosophy,  to  observe:,  that  the  common  opinion  that  this  f^reaC 
supporter  of  the  atomic  sect  supposed  the  visible  universe  to  have  been  produced 
by  chance,  has  no  foundation  in  any  part  of  his  writings  that  have  descended  to 
oar  day,  and  is  in  many  passages  most  peremptorily  contradicted  by  them. 
**Whom,'*  says  Epicurus,  in  aletter  to  Menaeceus,  preserved  In  Diogenes La«rtios, 
**  do  you  believe  to  be  more  excellent  than  he  who  piously  reveres  the  gods,  who 
^  feeb  no  dread  of  death,  and  rightly  estimates  the  design  of  nature?  Such  a 
man  does  not,  with  the  multitude,  regard  Chance  as  a  God,  for  he  knows  that 
God  can  never  act  at  random  f  nor  as  a  contingent  caute  of  events ;  nor  does 
ke  conceive  that  from  any  such  power  flows  the  good  or  the  evil  that  attempers 
the  real  happiness  of  man.'*  So,  in  another  passage  of  another  letter,  **  Be- 
Ueve,  be/ore  all  things*  that  God  is  an  immortal  and  blessed  being ;  as  indeed 
common  sense  should  teach  us  concerning  God.  Conceive  nothing  of  him  that 
is  repugnant  to  blessedness  and  imi^ortality,  and  admit  every  thing  that  is  con- 
sistent with  these  perfections/* 

In  common,  however,  with  Aristotle  and  most  of  the  other  philosophers  of 
Greece,  Epicurus  conceived  that  perfect  rest  and  quiet  were  essentially  necessary 
to  the  perfect  happiness  of  the  great  Creator ;  and  he  hence  supposed  that  all 
the  phsenomena  of  the  natural,  a'kd  all  the  events  of  the  moral  world,  are  per- 
petMlly  taking  place  without  any  direct  interference  or  general  providence 
of  the  Deity,  since  this,  in  his  opinion,  would  be  to  produce  a  disturbance  in  the 
calm  of  his  essential  felicity  i  but  at  the  same  time  that  they  do  not  take  place 
mt  imndom,  or  by  chance  or  accident,  but  under  the  control  of  a  general  sys- 
tem of  laws  established  at  the  beginning,  and  on  the  formation  of  the  world. 
To  which  opinion  he  expressly  alludes  in  the  following  passage  from  another 
letter  preserved  by  Diogenes  Laertius  t  **  Think  not  that  the  different  motions 
and  revolutions  of  the  heavens;  the  rising,  setting,  eclipses,  and  other  pho*- 
Bomena  of  the  planets  are  produced  by  the  immediate  eon  trot,  soperlntend- 
■Dce,  or  ministration  of  him  who  possesses  all  immortality  and  beatitude  $  it 
it  from  the  immuiabU  laws  which  they  receive  at  the  beginning,  in  the 
creation  of  the  universe,  that  they  inflexibly  fulQl  their  various  circuits  I 

For  a  further  account  of  this  sul^ect  we  refer  the  reader  to  Mr.  Good*s 
ielaborate  ezamination  of  it  in  his  Life  of  Lucretius,  prefixed  to  his  translation 
of  the  Naturs  of  Thihos,  to  which  indeed  we  are  Indebted  for  these  tx* 
ifBCti,— Editor' 
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Kc :  but  w«  liaviiig  perceived  that  the  sun  niigiit  serve  (o  lighl  m^ 
and  ibitt  our  ejet  Riiglil  nerve  to  arc  Milli,  we  made  use  bolli  of  tlie 
sun  and  oui  e)es  to  iliat  purpose. 

Arulotle.  iind  all  Uh  paiiizaii^,  believed  tlie  world  was  composed 
of  d  first  matter,  wlikh.  the;  «ay,  liad  uu  form,  but  is  capable  of  all 
forms :  out  of  whlcli  tiie  four  elements  i^ued,  coinpasiag  uU  bodies, 
and  into  whicli  thev  are  all  resolved,  or  return  iu  their  last  atialjsb. 

There  is,  iadeed,  tome  difl'eteace  between  (his  first  mutter  and  the 
atoms;  hut  Epicurus  aud  Aristotle  agree  in  this,  tiiat  the;  admit,  at 
setting  out,  H  first  fund  of  indetenuinate  matter,  capable  of  entering 
■Dtoall  M>rt8  ofconditionsand  compositions. 

Oassendi  rcsuniei  these  atoms  and  liiis  vacuum  of  Epicurus  for 
the  construction  of  liis  world,  willi  this  difference,  lliat  be  put  thent 
all  iuio  {be  bands  of  God,  to  give  them  motion  according  to  the 
wise  designs  of  his  Providence.  This  philosophy  has  never  injured 
any  one  with  regard  lo  religion,  on  wliicb  it  throws  nn  blemish. 
But  here  obsene  again,  the  same  foundation  of  an  extravagant  mat- 
ter, which  in  the  first  place  baa  nothing  regular  or  determinate,  and 
which  may  aAerwards  be  indifferently  changed  mto  one  body  or 
another,  as  it  is  handled,  composed,  divided,  and  made  up  again 
into  other  masses. 

Descartes  rejects  the  vacuum,  and  will  have  everj'  thing  id  bis 
world  full;  though  we  can  hardly  reconcile  the  liberty  of  motioti 
with  a  I  borough  exactneas  of  plenitude.  'Tis  thus  that  he  conceive* 
the  creation  of  the  world.  God*,  in  the  first  place,  formed  an  im- 
mense mass  of  homogeneous  matter ;  all  the  different  parts  of  wblcb 
were  cubical,  or  at  least  angular.  He  afterwards  impressed  on  IhcM 
particles  a  double  ntotiun.     He  makes  the  greater  part  of  tbeai  tum 
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motions  impiiessed  qMoit  bjQod«  and  of  itself  became  a  world  likt 
ours ;  ''  in  the  which,  though  that  God  placed  no  order  or  propor- 
tion V  these  are  his  own  terms,  **  one  may  see  all  things,  as  well  ge« 
neral  as  particular,  which  appear  in  the  real  world.** 
■  The  alchymistSy  to  he  in  a  condition  to  make  gold,  and  tapiepart 
a  restorative  which  immortaliies,  or  at  least  greatly  prolongs  life,  havo 
been  obliged  to  search  to  the  profound  of  nature,  and  they  imagine^ 
have  found  that  salt,  sulphur,  and  mercury,  with  some  other  ingre- 
dients, which  they  have  not  as  yet  agreed  upon  among  tbemselTes^ 
were  certamly  the  immediate  elements  of  metals,  and  all  bodies; 
but  yet  there  was  really  a  first  matter  susceptible  of  all  sorts  of  forms, 
as  all  the  sages  of  Egypt  and  Greece,  and  all  the  philosophers  of  al) 
agcsarerred;  wherefore  they  had  nothing  to  do  but  to  work  upon 
this  first  matter,  to  mould  it  difierent  ways,  and  to  give  it  a  certain 
turn,  to  be  possessed  of  gold,  jewels,  and  the  vivifying  elixir. 

We  see  here  a  perfect  agreement  among  ail  the  sects  of  philoso^ 
phers  \ipon  the  principal  point.  They  all,  though  under  different 
terms,  go  back  to  a  chaos  of  the  first  matter,  and  numberless  par* 
ticies  which  are  neither  gold,  silver,  salt,  bud,  fruit,  or  any  thing 
determinate ;  but  which  will  serve  for  a  composition  of  all  things^ 
by  their  mixtures ;  and  into  which  all  things  may  at  last  be  resolved* 
The  only  diffeicoce  we  finfd  between  them  in  this  point  is,  that  the 
akhymists  have  more  wit  than  the  others,  and  make  a  better  use  of 
wisdom.  The  Aristotelians  and  the  Corpusculists  are  always  ready 
to  enter  into  the  Ibts  about  a  plenum  and  vacuum,  matter  and 
fbm,  the  principles  of  bodies,  and  the  last  term  of  their  disso- 
lutioDfl^  and  all  this  to  no  purpose.  Ihey  are  all  battling  among 
tiMmsdves  about  the  best  method  of  dbposing  of  matter,  as  if  the 
world  was  now  to  be  made  or  governed.  It  is  already  made,  and 
goes  OB  its  course  without  them.  All  their  knowledge  tends  then 
only  to  fiU  the  schools  with  disputes,  from  which  nothing  results. 
TbCg  alchynist  go',  much  nearer  to  the  point  $  they  labour  more  to 
the  purpose.  Accordfaig  to  Aristotle,  Epicurus,  Oassendi,  and  Des« 
cartes,  gold  and  sand  are  originally  the  same  matter.  DescarteSf 
by  breaking  hb  oubes^  saw  sun,  gold,  and  light  itself,  arise.  Let  us 
p«it  the  sand  into  motion  by  force  of  fire  and  firiction,  break  its 
angles,  deprive  it  of  that  acddental  form  which  jnakes  it  sandj^  and 
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by  a  proper  manitductinn  transmute  it  into  gold.  Wiiat  rirhrst 
«rh>t  (eltcit<r  nnd  asiistunu?  to  liiimaii  todcty  I  sliouM  we  ouce  ar- 
rive to  tliis  point. 

If  tlie  systematical  plitlosophrn  lliipk  rtglilly  on  the  nrticle  of  a 
first  matter,  ia  which  they  all  agree,  the  aldiymisli  think  fttill  better 
id  reducing  these  speculation)  to  practice,  and  atiempting  to  clitingc 
thb  matter  so,  as  to  produce  gold  and  inimorlatiTA'. 

Unhickily  for  the  honour  of  philosophers,  alchymists  die  ;  and 
not  only  so,  but  they  sooner  lliau  others.  The  greater  number  of 
them  are  parched  among  their  fiiroaces  and  pestiferous  exhalations : 
but  this  is  certain,  they  all  ruin  themselvea.  Their  fruillesi  attempts 
prove  the  falsity  of  the  principle  which  they  had  from  the  philoso- 
phers, and  dispense  with  our  entering  into  a  tedious  examination  of 
this  imaginary  philosophy. 

It  is  sulticicnt  to  be  thoroughly  sensible  of  the  great  mislahe  of 
tystematical  philosophers,  to  know  that  they  form  the  world  ivilh  a 
matter  void  of  fomi,  which  at  first  was  neither  water,  fire,  metal, 
earth,  nor  any  thing  now  apparent;  and  thataflerwards,  by  motion, 
it  became  all  that  we  now  see.  Daily  experience  shows  them  all,  if 
they  will  see,  that  lo  bring  to  light,  and  to  multiply  the  transient 
species  which  maintain  the  seed  of  the  world  for  the  duralton  of 
ages,  God  has  prepared  a  vast  variety  of  simple  nalures,  which  ne- 
ver proceeded  from  a  first  matter  difTerenl  from  themselves.  That 
these  natures  have  no  other  immediate  cause  of  their  fonnatiou  than 
God  himself;  that  they  never  pass  from  a  first  slate  to  a  second ; 
that  they  are  unchangeable  as  he  is,  who  gave  them  being:  that  no 
motion  can  alter,  change,  or  convert  them  into  other  natures,  or 
resolve  them  into  other  things  than  what  ihe;  are:  they  can  netthrr 


HISTORY  O^  STStkMATlCAt  PHTSICt.  21$ 

at  length  reduce  ft  into  a  tmall  portion  of  the  fint  mattert  Do  not 
tlie  philosophers  perceive  that  they  take  methodical  ideasi  by  which 
they  dispose  every  thing  in  the  schools,  for  realities  subsisting  in  na- 
ture, while  they  have  being  in  their  own  imagination  only?  They 
employ  their  thoughts  on  matter  in  general^  afterwards  on  mat* 
ter  determined  in  particular.  Do  they  therefore  believe  that  there 
is,  or  that  there  ever  was,  an  univerNil  matter  1  They  are  indeed  no- 
table in  seeking  the  analysis  of  gold,  and  reducing  it  to  its  first 
principles,  to  carry  it  back  to  the  first  matter.  They  may  as  well 
analyse  flowers  in  the  chemist's  furnace,  in  hopes  of  finding  in  the 
hut  dissolution  an  universal  flower  at  the  bottom  of  the  receiver. 

la  the  same  manner  put  into  the  fire  saud^  mud,  ni«t:ury,  or  any 
snetal  you  shall  think  proper,  the  sand  will  become  glass  by  the  con- 
gruity  it  acquires  in  the  fire ;  and  after  having' been  years  together 
in  a  glass-house  pot,  it  will  still  be  glass;  the  mud  will  fiill  into 
lime  or  ashes,  and  will  never,  after  a  separation  of  its  parts,  be  other 
than  cinders,  or  a  cofml  nwriuum.  Mercury  mixed  with  sulphur, 
and  all  the  ingredients  that  can  be  thought  upon,  will  always  remam 
in  cinnabar,  or  some  other  form.  It  will  be  lost  to  sight,  but  neither 
destroyed  nor  changed.  It  b  always  entire  under  new  forms,  al- 
ways the  same,  and  fire  will  restore  it  back  in  its  pristine  form*  *Tis 
Ihe  same  thing  with  metals.  Torture  them,  give  them  what  motkmb 
what  alteration  you  can  devise,  by  fire,  aqua  fortis,  or  other  dis* 
solvents,  they  have  not  even  one  moment  changed  their  nature.  If 
ire  put  apiece  of  iron  into  aqua  fortis,  in  which  was  before  dissolved 
a  certain  quantity  of  silver,  it  cannot  sustain  parcek  of  two  difierent 
metals  at  the  same  time;  it  quits  the  silver,  falsely  thought  to  be 
transmuted  into  a  liquid,  which  precipitates  to  the  bottom  of  the 
iresseL 

It  was  only  concealed  in  floating  on  the  globular  parts  of  the 
fluid,  by  a  separation  of  the  metallic  parts ;  but  these  small  particles 
thus  separated,  are  still  the  same  as  when  united  in  one  mass.  The 
minium,  with  which  we  colour  wafen,  is  made  with  lead ;  the  hietal 
is  no  longer  apparent ;  one  would  think  it  was  destroyed,  or  con- 
irerted  into  another  nature.  It  is  more  separated,  but  the  particles 
are  not  clianged ;  and  if  you  bum  this  wafer  in  the  flame  of  a  candle^ 
and  catch  the  cinders  on  a  piece  of  paper,  you  will  see  the  particles 
of  lead,  when  in  fusion,  drawn  near  to  one  another,  and  form,  when 
cold,  several  shmijig  branches^  easy  to  be  distinguished  by  the  naked 
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eye.    Gold  and  mctaii  extracted  out  of  mattcfH  where  BOtUi^ 
tellk  k  tQ  be  aeeu.  are  not  there formedi  it  it  true,  they  are  thtie 
taamit  and  they  are  extracted  from  the  pboes  to  whidi  the  water 
had  carritei  and  dispened  them :  hence  it  cornea,  that  gold  h  Samai 
along  the  river  Hides,  and  in  sands  likewise ;  iron  in  dax ;  and  the 
particles  of  iron  which  adhere  to  a  knife  touched  with  a  loadstone, 
stirring  with  it  the  ashes  of  plants^  flesh,  or  the  entrails  of  animals. 
The  metallic,  saline,  earthy,  sandy,  aquatic,  ignetic,  meicurialL  and 
many  other  simple  particles,  go  off  and  return,  form  masses,  appear 
under  veiy  different  figures,  are  concealed,  and  then  again  apparent ; 
but  gold,  iron,  earth,  water,  sand,  fire,  mercury,  and  in  short  all 
samfde  matters,  are  ever  exactly  the  same  thing,  whether  in  aondl 
or  great  bodies.    The  natures  of  each  are  to  themselves  the  fint 
matter;  and  as  the  most  agitated  and  varied  motion  cannot  resolve 
them  into  other  than  what  they  are,  th^  do  not  owe  their  con- 
straction  to  motion  either  direct,  oUiqoe,  or  drcnlar.    They  have 
all  immedmtely  proceeded,  as  did  the  whole  world,  from  the  hand 
of  God  himself.    They  are  not  what  they  become  by  the  combma* 
tion  of  motions,  but  what  God  willed  at  first  they  should  be^  tie 
serve  in  the  fiirmation  of  compounded  bodies  to  which  hb  wisdom 
had  appointed  them.    Gold,  or  crystal,  is  not  now  made ;  but  only 
carriedi  gathered  together,  diq>ersed;   wherefore  motion,  which 
never  has  been  able  to  produce  the  least  grain,  has  not  been  able, 
afiriimi,  to  produce  either  an  earth,  or  its  inhabitants,  an  atmos- 
sphere  or  a  sun.    Motion  maintains  the  earth,  but  never  could  ordain 
it ;  as  the  spring  of  a  watch,  and  the  care  of  winding  it  up  every 
day,  is  the  cause  of  its  going  regular,  but  cannot  make  it.    It  is 
then  the  part  of  a  prudent  philosopher  to  study  those  motions  which 
maintain  nature,  as  they  are  real,  regular,  and  lasting ;  but  it  is 
making  an  abuse  of  reason,  it  is  despising  of  experience,  and  may 
be  secretly  reviving  the  follies  of  the  Epicureans,  to  attribute  to 
motions  impressed  on  matter  the  power  of  forming  a  worid.    It  is 
as  impossible  for  motion  to  form  a  world,  as  it  is  evidently  impossible 
for  it  to  form  a  grain  weight  of  iron. 

As  it  is  but  loss  of  tune  for  us  to  stir  the  atoms  of  Gassendi,  or 
jto  whirl  about  the  angular  bodies  of  Descartes,  we  shall  posnbly 
find  the  attractive,  centripetal,  and  centrifugal  philosophers  of  the 
north  turn  to  better  account. 

The  diffirrence  between  M.  Descartes  and  Sir  Isaac  Kewton  i^ 
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that  the  fomer  mideitikes  to  account  for  every  thing;  and  the 
other,  modestly  acknowledging  that  we  are  ignonmt  of  the  secrets 
of  nature,  pretends  only  to  eruice  one  matter  of  feet,  without  under- 
takug  to  explam  the  cause ;  but  as  this  one  point  extends,  according 
to  him»  to  all  nature,  his  system  for  that  reason  becomes  a  kind 
ofuniverud  philosophy.  According  to  M.Descartes,  that  gravity 
which  causes  bodies  to  fall,  is  nothing  difierent  from  the  action  of 
the  fluids,  in  which  the  planets  are  earned  away ;  because  all  bodies 
moved  and  impelled  by  the  bodies  surrounding  them,  to  describe  a 
dicular  instead  of  a  straight  line,  incessantly  endeavour  to  recede 
from  the  centre ;  whence  it  happens,  that  when  the  parts  of  the 
vortea  meet  with  the  bodies  which  have  no  centrifugal  force^  or 
whfcb  have  less,  they  are  compelled  to  fly  to  the  centre;  so  that 
the  precipitation  of  heavy  bodies  towards  the  centre,  is  nothing  but 
the  action  of  more  active  bodies  which  have  a  tendency  to  avoid  it. 
Sir  Isaac  Newton  at  first  thmks  with  M.  Descartes,  from  whom  he 
hail  learned  it,  that  all  bodies  continue  m  a  state  of  inaction,  or 
repose,  till  drawn  out  of  it  or  interrupted. 

Again,  Sir  Isaac  Newton  imagines,  that  he  has  observed  through- 
out all  nature,  and  it  is  the  distinguishing  point  of  his  system,  that  all 
bodies  attract  one  another  in  proportion  to  their  distance  and  bnlk ; 
that  they  have  a  certain  tendency  towards,  and  press  one  upon  an- 
other ;  that  the  sun  tends  towards  the  earth,  and  the  earth  towards 
the  sun ;  but  that  the  latter  being  incomparably  larger,  we  perceive 
only  the  approaches  of  the  former  towards  it:  that  in  like  manner 
the  earth  tends  towards  the  stone  which  is  separated  from  it  by  pro- 
jection, as  the  stone  tends  towards  the  earth,  or  rather  that  the  stone 
attracts  the  earth  to  it,  as  the  earth  attracts  the  stone ;  but  the 
earth,  by  reason  of  its  bulk,  having  a  stronger  attraction  than  a 
small  stone,  it  happens  from  thence,  that  the  earth  does  not  quit  its 
place*  and  that  the  stone  approaches,  or  is  drawn  to  it  by  the 
attractive  power  which  tbe  earth  exercises  upon  it. 

This  action,  which  Newton  unagines  he  every  where  perceives  be- 
tween bodies  and  bodies,  throughout  all  nature,  he  calls  (Uiraction^ 
and  gives  it  out  as  an  efi*ect  residing  in  every  part  of  the  universe, 
without  being  abfe  to  assign  other  cause  than  the  will  of  God  to  put 
all  nature  in  motion.  Thus  the  earth  moved  round  the  sun,  if  it 
was  only  moved,  and  not  drawn  towards  it*  would  mfinitely  recede 
from  it.    The  moon,  if  it  obeyed  without  obstacle  the  law  of  mo- 
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tioD  which  curries  it  away,  would  avoid  the  carth»  and  at  IcagOr 
disappear.  In  the  same  manner*  if  the  earth  obeyed  only  die  lav 
of  attractiont  tlwt  law  by  which  the  son  draws  the  earth  to  it«  it 
would  draw  near  to,  and  precipitate  into  the  suu ;  the  DMxm  bda^ 
only  altncted,  would  fall  upon  the  earth:  but  the  earfh  beiq^ 
movedandcast  off  from  the  stto«  is  at  the  same  time  drawn  toward 
it;  uutead  of  reoeduig  from  it  in  a  stn^ght  line,  this  line  wiH  be 
curved  by  the  attraction  which  brings  it  back  to  the  sun?  bung 
always  under  the  influence  of  two  powers,  one  of  which  always 
lemoves  it  from  the  sun,  and  the  other  draws  it  back;  it  describes 
round  the  sun  a  curved  line,  which  Newtoo  demoustratei  oa|^  tobe 
an  ellipsif ,  or  near  to  an  oval.  The  moop,  in  like  manner,  obeying 
two  powen^  one  which  makes  it  fly  from,  the  other  which  makes  it 
tend  towards  the  earthy  circulatei  round  it;  the  centrifugal  and  die 
centripetal  forces  are  checks  one  upon  the  other;  and  the  aioaoi 
instead  of  being  carried  far  fixMn  us  by  the  first  power,  or  precipi* 
tated  upou  our  earth  by  virtue  of  the  scoond,  is,  by  the  impression 
of  both,  kept  within  its  orbit. 

Sir  Isaac  Newton  aAerwards  esammes  what  would  be  the  n^ca- 
sures  of  motion  of  the  moon  beghmiog  to  fidl  towards  the  earth, 
from  the  height  of  its  orbit,  after  it  had  lost  its  oentrifii^  force, 
and  was  freed  from  all  attraction  of  the  earth.  The  distance  of  the 
moon  from  the  earth  is  known,  also  the  duration  of  its  revolution; 
one  may  then  know  what  b  the  portion  of  the  orbit  in  a  muiute. 
Geometry  teaches  us  what  space  the  moon  runs  through  in  a  rfght 
line  falling  towards  the  earth,  by  virtue  of  the  force  which  makes  it 
pass  through  his  arch,  or  portion  of  its  orbit.  Afterwards^  having 
laid  it  down,  that  the  attraction  diminishes  as  the  square  *  of  the 
distance  increases,  Newton  finds  by  his  calculations^  that  the  moon 
in  falling  from  its  station,  would  at  first  fall  fifteen  feet  in  a  minute; 
and  that  near  the  earth,  by  virtue  of  the  same  law,  it  would  in  a 
minute  pass  through  tliree  thousand  six  hundred  times  fifteen  fieet 
Lastly,  examining  the  spaces  which  a  body  of  wood  or  stone  let  foil, 

would  pass  through  near  the  earth,  he  concludes  from  the  experience 

I  ■    „,  —  -  ..1       ,  III 

*  They  caU  any  number  multiplied  by  itself  a  square.  If  the  iDtenral  be- 
tween the  earth  and  noon  be  divided  imo  three  strata,  the  first  has  for  its  iqure 
]y  the  second  4*  the  third  9.  The  attraction  diminishing;  ifi  proportion  at  the 
iqnaret  of  the  distances  increase,  will  act  as  9  in  the  fiist  stratum,  ai  4  In  Iht 
second^  and  1  in  the  third* 
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gained  hy  the  (all  of  bodies^  that  a  stone  runs  in  one  niioute,  near  oar 
globe,  through  three  thousand  six  hundred  tunes  fifteen  feet.  The 
moon  being  loosed  from  its  orbitj  would  therefore  obey  the  same 
law  which  precipitates  the  stone.  By  a  necessary  consequence,  if 
the  stone  was  carried  as  high  as  the  orbit  of  the  moon,  being  there 
let  fall,  it  would  run  through  fifteen  feet  in  a  minute.  Attraction 
and  gravity  are  then  one  and  the  same  thiug. 

M.  Frivat  de  Moiieres,  of  the  Academy  of  Sciences,  has  retamed,  m 
his  Philosophical  Lectures,  the  ground-work  of  Newton's  obsert ations. 
He  admits  all  the  proofs  which  show  that  the  same  cause  which 
makes  a  stone  gravitate  upon  the  earth,  makes  the  earth  gravitate 
upon  the  sun,  and  the  moon  upon  the  earth ;  but  he  attributes  thb 
effect  to  a  cause  very  different  from  tliat  which  Newton  has  ima- 
gined. The  French  academician,  at  the  same  time  that  he  extols  the 
exactness  of  the  geometrical  system  of  the  learned  Englishman,  finds 
it  mcompatible  with  the  plan  of  nature.  He  is  not  reconciled  to  a 
principle  which  makes  of  our  world,  one  All,  whose  parts  are  as  naked, 
and  less  united  than  those  of  a  skeleton.  All  the  ideas  which  we 
have  of  mechanics,  seem  to  him  to  be  overthrown  by  this  imaginary 
attraction,  which,  according  to  the  partisans  of  the  English  geome* 
trician,  reciprocally  acts  between  bodies  separated  by  a  great  vacuum, 
and  makes  them  move  in  a  void,  without  uniting  by  any  intermediate 
bond.  M.  Molieres  resumes  the  vortex  of  M.Descartes;  the  ex- 
btence  of  which  seems  to  him  to  be  almost  palpably  nature.  He 
corrects  it  in  tiie  whole ;  and  making  all  the  effects  which  Newton 
had  observed,  to  flow  from  the  very  structure  of  the  vortex,  he  m 
some  measure  reconciles  the  two  contending  schools* 

This  vortex  is  no  longer  composed,  as  Descartes  had  imagined,  of 
hard  and  mflexible  globules,  but  of  small  vortices,  the  particles  of 
which  are  incessantly  inclining  to  recede  from  their  peculiar  centre, 
while  the  whole  tends  to  remove  from  the  common  centre.  A  solid 
body,  as  the  moon  or  earth,  cast  into  this  vortex,  ought  immediately 
to  be  moved  by  it,  and  carried  the  same  way  with  it ;  but  the  parts 
of  this  unwieldy  body  being  strictly  united,  and  at  rest  among  tiiem« 
selves,  make  no  effort  for  motion,  and  have  no  other  impulsion  than 
what  the  whole  body  of  the  planet  receives  from  the  vortex  in  which 
it  floats ;  whereas  the  globules  of  the  vortex  have  a  double  motion, 
and  make  a  double  effort ;  all  of  them  tend  to  remove  firom  the 
common  centre^  the  moment  they  are  forced,  by  the  surrounding 
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Torticesy  to  move  in  a  circular  line*  Moreover^  all  the  particles  of 
these  globules  perform  that  in  little,  round  their  centre,  which  the 
great  ones  do  in  general  round  their  common  centre.  From  thn 
double  tendency,  results  a  double  force^  which  more  powerfully  re- 
moves them  from  the  centre,  tlian  the  motion  impressed  on  the 
planet  removes  it  from  tlie  centre  of  the  sphere.  The  planet  cast 
into  thb  voxtex,  has  indeed  received  a  centrifugal  force,  in  receiving 
a  ciivular  motion ;  but  its  parts  being  at  rest,  it  has  less  centrifugal 
force  than  the  vortex,  in  which  this  force  is  double,  as  well  from 
the  motion  of  the  little  vortices  which  fly  from  the  common  centre,  as 
their  particles,  which  all  at  the  same  time  avoid  their  respective 
centres.  Thus  the  centrifugal  force  in  the  matter  of  the  vortex 
exceeding  the  centrifugal  force  of  the  planet,  ought  to  prevail :  and  the 
planet  tending  less  to  recede  from  the  centre,  than  the  matter 
which  pushed  it  on,  it  must  follow,  that  the  earth  will  by  degrees 
draw  nearer  to  the  sun,  and  the  moon  ftll  upon  the  earth.  In  a 
word,  Des  Molieres  makes  use  but  of  one  action,  or  same  cause,  to 
produce  the  centrifugal  force  of  the  vortex,  and  to  make  the  planets, 
and  all  solid  bodies,  gravitate  to  one  and  the  same  centre :  inslead 
of  which,  Newton  adds  a  motion  impressed  on  all  these  bodies ; 
another  power  and  another  law,  which  he  names  aiiracium,  and 
which  disposes  them  all  to  draw  near  to  one  another,  with  more  or 
less  velocity,  in  proportion  to  their  solidity,  or  their  distances ;  while, 
indeed,  the  second  power  is  useless  and  inconceivable. 

M.  de  Molieres,  after  having  given  us  this  assistance,  by  his  inge* 
uious  explanation  of  gravity,  to  comprehend  the  double  centrifugal 
force  of  vortices,  and  the  advance  of  solid  bodies  towards  the  centre, 
as  a  simple  effect  of  this  force,  left  us  at  first  in  doubt  of  the  power 
he  would  make  use  of  to  sustain  the  planets  in  their  orbit,  and 
to  prevent  their  falling  upon  the  centre.  But  it  was  easy  to  perceive, 
at  the  same  time  that  he  would  be  compelled  to  make  use  of  dif- 
ferent vortices,  at  least  of  different  atmospheres,  cast  round  the 
planets,  to  make  them  roll  one  over  another,  without  falling,  h'ke 
the  globules  of  different  matter,  which,  crowding  together,  flatten  a 
little  by  their  pressure  upon  each  other ;  while  in  the  interim,  the 
centres  which  tend  one  towards  another,  by  the  impulsion  of  the  en- 
compassing vortices,  can  never  approximate. 

This  explanation  of  M.  de   Molieres  is  so  much  the  more 
ingenious  as  it  is  not  made  use  of  for  the  creation  of  a  world,  but  to 
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give  an  idea  of 'its  motion  and  support,  as  it  may  be  employed 
in  the  particalar  explanation  of  a  number  of  (^Henomeiia,  and  of 
particuiar  cases ;  sucb,  for  example^  as  the  flux  and  reflux  of  the 
sea^  by  the  pressure  of  the  sphere  of  the  moon  on  that  of  the 
earth ;  the  sliifting  of  the  satellites  of  Jupiter»  by  the  pressure  of  the 
^ere  of  Saturn  on  that  of  Japiter ;  the  attractions  and  repulsions 
of  electric  bodies,  by  the  small  atmospheres  which  they  acquire  or 
lose,  acconling  to  the  difiereot  manner  tliey  are  touched ;  the  disso« 
lutions  and  fermentations  in  chembtry,  by  the  different  powers  of 
the  little  vortices  which  compose  liquids,  aud  which  can  only  appear 
at  rest,  when  they  are  put  in  equilibrio,  after  a  long  agitation,  oc- 
casioned by  inequality  of  efforts. 

I  shall  not  here  touch  upon  the  systems  which  M.  Huygens>  Bol* 
finger,  Bemouilli,  and  many  others  have  imagined  on  gravity;  it  is 
but  a  point  of  the  mechanics  of  the  universe.  Should  we  ask  fifty 
philosophers  an  explanation  of  them,  there  is  not  one  of  them  but 
would  believe  that  he  gave  you  a  philosophy  that  was  to  be  esteemed 
in  proportion  to  the  geometry  and  calculations  he  had  employed  in 
it.  Even  all  these  indefatigable  calculations  will  often,  setting  out 
with  the  same  principles,  lead  you  to  as  many  different  sums,  dif- 
ferent mechanisms,  and  to  as  many  systems,  as  there  are  different 
persons  whom  yoo  consult.  What  will  be  the  consequence,  Hrhen, 
from  this  point,  we  go  on  to  an  explanation  of  the  bokters  of  the 
axisy  and  the  profound  structure  of  the  other  parts  of  the  universe. 
Entering  into  these  systematical  opinions,  will  be  quitting  a  view  of 
natuK,  and  losmg  sight  of  the  certain  use  which  we  may  make  of  it, 
and  in  which  consists  our  true  philosophy.  Another  reason  to  keep 
us  upon  our  guard  with  relation  to  systems  is,  that  however  beautiful 
they  may  appear  at  first  sight,  the  application  we  may  make  of  them 
to  diftrent  effects,  generally  turns  out  unlncky  and  ridiculous.  Make 
use,  for  example,  of  the  system  of  attraction,  on  the  pheuomenon  of 
the  loadstone,  where  one  would  thnik  it  ought  to  be  of  great  use ;  or 
to  electricity;  or  to  what  is  called  fermentation;  you  will  find  that 
your  principle  will  leave  you  in  the  lurch,  and  will  inform  yon  in  no* 
thing;  they  are  obliged  to  vary  their  attractions  like  their  effects. 
Here,  it  is  an  attraction  which  acts  through  the  whole  depth  of  the 
mass  there,  it  is  au  attraction  which  only  acts  on  tlie  slightest 
superfices  of  the  body,  let  them  be  thin  or  thick ;  there,  a  certain 
attraction  is  the  same,  while  another  attraction  varies,  as  does  the 
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dircnitiev  €!f  the  bodies.  Bat  abote  alU  the  attnctionists  were  m 
tfaptant  with  that  vihleh  they  percerfed,  or  thought  they  peicei?ed, 
m  clectrieal  bodki.  This  could  not  be  mistakeiH  aad  it  acted  ei-i 
aetly  as  id  the  planets»  diadiiishiiig  m  the  ciituit,  as  it  aogincafed  im 
distance.  Unluckily  an  experimenlal  philosopher  came  and  kaoeked 
all  this  on  the  head  |  and  by  fastenmg  a  little  bail  of  wood  at  the 
eitfearity  of  a  cord  of  a  thousand  or  twelve  hundred  feet  long,  he 
dutoveredy  that  if  an  electrical  tube  wat  applied  either  to  the  Bakldle 
or  at  eue  end  of  this  cord,  the  spangles  of  gold  placed  at  the  other 
end,  nnder  the  wooden  hall,  dong  to  it  as  suddenly  as  if  the  elec- 
tricity had  acted  within  a  foot  of  the  tube.  One  of  our  learned 
Newtonians*  has  made  an  hundred  experimeuts  upon  the  kMidstone. 
After  infinite  precautions  and  calculatioai,  he  fifankiy  owns  the  at- 
traction failed  him,  when  he  had  occasion  for  \X,  and  that  he  could 
make  nothing  of  itf. 

I  shall  here  end  the  history  of  systematical  philosophy,  becanse  it 
IB  of  little  use  to  give  a  morr  full  knowledge  of  it*  and  peifaaps  may 
be  dangerous  to  yonng  people,  by  busying  their  minds  upon  systems^ 
which  cannot  fail,  m  spile  of  all  onr  ezeitkms,  to  present  some  pha»> 
nomena  to  our  thoughts,  which  is  a  very  great  pn>jndioe  to  the  pro- 
gress  of  true  philosophy ;  either  becanse  it  is  not  easy  to  get  fid  of 
certain  generalities,  or  that  we  see  every  thmg  conformable  to  onr 
prejudices.  Experimental  philosophy  » the  only  one  which  has  been 
of  use  to  human  society ;  and  as  we  have  shown  that  the  advantages 
flowing  from  it  are  innumerable,  so  we  cannot  recommend  for  the 
study  of  philosophy,  a  more  prudent  method  than  that  which  the 
members  of  the  Royal  Academy  have  followed  for  our  tnstniction. 


*  Mr.  Muscheobroek. 

t  Theie  eomiderationi  the  reader  will  find  nore  minnlely  examined  ia 
die  introductory  chapter  to  the  department  of  CaEHirrRT,  which  will  enter 
into  the  second  diTiilotf  of  the  present  work.  It  will  there  appear  that  maaj 
of  the  objections  here  offered  to  the  simplicity  of  the  geneial,  and  aow  stiU 
flurther  establlsbedr  laws  of  nature,  have  been  removed  by  experimeab  aad  eb- 
terfatfons  not  known  at  the  time  the  inKeaioos  paper  here  copied  was  writlea : 
and  that  most,  if  not  ally  the  peculiar  attmctionB  of  matter  are  retolvaUe  into 
different  modifications  of  the  general  attraction  of  fravitatioo. 

It  is  to  the  second  part  of  the  present  work  that  we  ha^e  abo  to  refer  the 
reader  for  an  account  of  soch  astronomical  instruments,  maps,  charts,  globri, 
orreries,  and  prvgections,  as  are  most  cario«  or  in  other  respecu  worthy  of  no- 
tice—Editor. 
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Thtflmttminr,  asacfdlcctiviebodyigifcu  tbeir  approlMtion  to  uf 
ouegQamlsyitaii.  They  trafiiUypcnwded,tluit  if  maD  be  allowed 
to  arrive  at  a  thoroiiili  knowledge  of  natun,  k  can  be  oaly  by  trea^ 
•oriog  up  expeiiBents  and  ftcti^  for  a  gnat  leogtb  of  yeaii ;  and 
•bouM  even  tbii  tboioi^h  knowledge  be  denied  to  onr  coodilion» 
eiperinientt  at  leait»  and  tfae  knowledge  of  most  miouta  things  will 
procure^  as  is  daily  eiperieneed>  vaiioos  benefits  to  poblic  society* 
This  very  judicious  principle^  which  they  have  always  looked  upon 
as  a  rule,  and  the  nature  of  the  different  functkms  which  these 
learned  men  have  divided  among  themselves^  are  accontely  jbaoded 
on  the  necessaries  of  life,  and  the  extent  of  our  capacities.  They 
go  ftrther:  the  experimental  philosophy  which  th^  have  brought 
into  esteem  is  the  only  useful  one,  because  it  is  the  only  one  ooii. 
fiMrmable  to  onr  condition :  which,  without  ofienoe,  we  may  namcj 
The  ^sim  qf  ProuUiMc§. 

The  experienee  of  six  thousand  years  is  certainly  sufficient  to  teach 
us  what  is  possible  and  what  is  forbidden.  While  man,  in  his  inqni* 
rieSk  was  busied  in  thingii  submitted  to  his  government,  his  endeavours 
irere  always  rewarded  by  new  discoveries.  Whenever  he  would  pry 
into  the  interior  structure  of  the  parts  of  the  uoiversej  the  motion 
of  wliidi  is  not  submitted  to  his  care,  hb  ideas  have  been  fiintasticai 
and  uneertain.  Let  him  study  the  measuiesof  magnitudes,  and  the 
laws  erf  motions;  not  to  pace  out  the  heavens^  or  to  weigh  the  solid 
bodies  of  the  pbmets,  but  to  know  the  order  of  his  days ;  let  him  ob« 
serve  the  niation  of  the  aspects  of  the  heavens  to  his  habitation,  the 
progression  of  li|^t  in  the  modification  in  which  it  is  presented  to  him ; 
the  use  he  may  make  of  the  equilibrium  of  liquid^,  of  the  weights 
and  velocities  of  the  bodies  of  which  he  is  master,  of  all  the  experi* 
ments  which  come  within  his  view,  and  especially  andcr  his  hand ;  in 
a  word,  let  him  apply  experiments  to  the  necessaries  of  life,  and  he 
will  have  an  unerring  philosophy,  replete  with  great  advantages.  But 
to  undertake  to  determine  the  cause  which  governs  the  motion  of 
the  universe,  and  to  penetrate  into  tlie  universal  structure,  and  the 
particular  parts  of  which  it  is  composed,  is  to  forfeit  the  honour  of 
improving  hk  patrimony  in  order  to  run  after  shadow^!.  It  is  neglect- 
ing treasures  which  are  open  to  us,  and  obstinately  persisting  to  knock 
Ht  a  door  which  has  been  shut  against  us  these  six  thousand  years.  . 

This  is  no  conjectural  opinion,  but  a  visible  truth  of  experience, 
tliat  God  has  given  us  great  fadli^  and  intelligence  in  things  which 
ire  ought  to  managr ;  and,  on  the  contrary,  that  those  to  which  Qod 
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Umsdf  gms  motion  and  letkm,  without  cntraftiiig  the  eondoct  to 
ourctie,  he  has  eonoealcd  ftoin  oor  hnowkdge,  •  For eunupfa^  we 
an  ignonnit  of  the  structare  of  ourftoiiiacfa»hecaineOodhaf  eaicfi 
asoffhecareofitsdigettioii.  loTanwoald  the  most  aUeaaaloBiirt 
direct  his  digestion;  all  fery  often  goes  contraiy  to  his  wishes.  Ov 
the  other  haOdj  we  have  In  onr  senses  many  watchful  and  finthfhl 
monitors^  opportunely  to  diiect  what  nonnshment  is  proper  far  us. 
Why  then  have  we  so  many  methods  to  be  acquainted  with  our  «i- 
triment^  if  it  is  vtoi  that  the  rare  of  seeking  and  chasing  it.  is  com- 
mitted  to  us!  And  why,  on  the  contrary,  do  we  not  know  how  to 
digest,  if  it  be  not  that  God  has  evidently  willed  our  digestion  to 
be  performed  in  us  without  our  direction  1  God,  who  has  spared  n 
that  trouble,  has  denied  us  the  knowledge  of  the  mechanism  which 
fbrms  the  flesh  and  the  fruits  that  we  eat^  as  well  as  the  mechanism 
which  extracts  the  juices  from  them  far  our  nourishment,  .  Tbf9 
knowledge  would  have  distracted  us.  We  attain  the  age  of  four 
score  and  ten,  without  knowing  what  digestion  h,  or  what  is  the  ac- 
tion of  the  muKles.  We  have  been  served  without  any  care  on  onr 
part.  Had  we  thoroughly  known  the  stmeture  of  onr  stomachs,  we 
should  have  been  for  directing  its  firoctfams.  God  has  not  allowed 
this  knowledge  to  man.  He  ordained  him  to  be  otherwise  employed. 
If  then  this  mechanism  be  hid  ftom  him,  lest  it  should  midtiply  his 
earn,  will  he  acquaint  him  with  the  structure  of  the  worid,  the  mo» 
tion  of  which  is  not  committed  to  his  charge? 

I  can  scarcely  be  of  opinion,  that  the  modem  philosophers  have 
rightly  conceived  the  plan  of  the  Creator,  in  having  less  esteem  for 
the  knowledge  which  we  attain  by  our  senses,  than  for  what  they 
imagme  is  to  be  acquired  by  a  profound  meditatioa.  One  example 
will  make  me  understood. 

The  common  sailor  knows  nothing  more*  of  the  loadstone  than 
what  his  senses  mform  him,  vis.  its  tendency  towards  the  nortt  pole* 
This  is  the  sum  of  his  knowledge.  The  philosopher  would  know  the 
cause  of  this  phenomenon ;  he  employs  Ibe  cAuvia  of  its  pores  in 
spiral  lines,  the  attractions,  the  repulsions;  and  after  several  years 
use  of  his  mechanics,  his  geometries  and  calculations,  he  either  ae* 
knowledges  that  he  himself  knows  nothing  of  the  matter,  or  elw  has 
the  mortification  to  find  that  nobody  approves  of  his  systenu  The 
systematwal  philosopher,  who  thinks  himself  ignorant  if  he  know  not 
the  cause  of  what  he  sees,  passes  his  wliole  life  in  the  pursuit  otptm* 
tiSiiei,  and  becomes  useless  to  the  rest  of  mankkid  by  being  buried 


HitTOBY  OF  STSTXMATICAL  PHTllCS.  SS9 


mVive  iQ  his  cloftt.  The  nilor  makes  use  of  what  his  senses  infbraa  him 
of»  the  divectiMi  of  the  loadstone  towards  the  north*  and  by  its  as- 
vistance  voyages  to  the  end  of  the  world.  Make  choice  often  thousand 
^ber  infbimations  of  fact,  and  yon  will  hardly  find  one  of  them  but 
what  is  of  service.  Our  fortunes  will  be  better  in  proportion  to  this 
sort  of  knowledge.  Would  you  seek  afler  the  causes  of  these 
effects  ?  You  will  meet  with  nothing  of  certainty  or  use.  Can  we^ 
after  thia^  mistake  the  intention  of  God,  in  the  measure  of  under- 
standing which  he  affords  us  for  our  present  instruction  1 

It  is  evident  that  we  have  no  universal  knowledge*  The  objects 
of  our  pursuit  are  scattered  round  us  upon  the  earth  and  in  the 
heavens.  God  has  given  us,  together  with  eyes  and  understanding, 
a  fund  of  curiosity  which  stimulates  us  from  one  object  to  another^ 
chat  new  experiments  may  enable  us  to  procure  new  conveniencies 
for  our  brethren ;  and  that  every  thing  upon  earth  may,  by  degrees, 
be  put  to  tiie  best  use  for  the  profit  of  mankind.  But  Uiough  a  man 
can  go  on  a  stretch  from  Brest  to  Pekin,  it  does  not  follow  that  he  can 
go  to  the  moon ;  or  though  he  have  a  principle  of  power  in  his  hands, 
that  enables  him  to  support  piles  of  oak,  and  great  blocks  of  marble 
in  the  air,  this  is  uo  reason  why  he  should  attempt  with  his  levers  tp 
make  the  moon  fly  off  from  iier  orbit,  or  to  fix  his  pullies  to  the  body 
of  Jupiter,  to  rob  him  of  one  of  his  satellites.  As  man's  strength  is 
limitaJ,  so  likewise  k  his  knowledge,  and  these  bounds  are  suited 
to  his  wants.  He  meets  with  opposition  every  where,  when  he 
enters  upon  idle  specubtions.  But  he  proceeds  from  dbcovery  to 
discovery,  which  discoveries  work  miracles,  when  he  employs  him- 
aelf  id  nnking  the  best  use  of  that  which  is  about  him.  Our  reason 
is  always  attended  with  success  in  uniting  the  truths  of  experience 
with  the  necessities  of  life,  in  making  a  prudeut  use  of  the  benevo* 
lenee  of  the  Creator,  and  in  giving  him  the  glory.  This  is  the  sum 
total  of  human  knowledge. 

[AhU  Le  Pbitki.  Spec.  A  la  Nature.] 

We  have  given  the  above,  not  because  we  approve  of  the  philo- 
sophy of  the  vortices,  but  as  contauung  a  tolerably  fair  view  of  the 
theories  that  preceded  it ;  and  a  curious  specimen  of  the  diflerent 
modes  by  which  this  philosophy  was  adhered  to,  in  opposition  to  the 
doctrine  of  universal  attraetion,  as  long  as  it  couU  possibly  be  dc* 
feided.«^£Aisr»  ■ 
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CHAPTER  I. 


•  BOONOSV;  OtyTHE    DOCTBIRK   Of  TH8   OBI6IK    Aift> 
OENBBAL  STRUCTOBB  OF  TAB  EABTH. 


UndbB  the  Wcmeriui  syttem  of  Miaenlogy,  the  teim  Gtohgjf  h 
altogether  felinqunhed,  or  only  iocidentaUj  iderred  to,  as  import- 
ing  abstract  and  imaginary  speculations  cooceraing  the  formatHNi  of 
the  Earth :  while  the  immediate  branch  of  sdence,  designed  to  be 
glanced  at  in  the  present  chapter,  b  denominated  Geogtmy.  We 
have  no  objection  to  the  last  term  in  the  sense  thns  signified ;  bnt 
shall  restore  the  term  Geology,  and  employ  it,  as  its  deiiration  will 
readily  justify  our  doing,  in  a  classific  finrm>  importing  the  geneial 
doctrine  of  ihe  earth  ia[  its  insentient  or  unorganiied  frame ;  and 
consequently  as  comprishig  equally  its  tubtemmionf  npexficiai,  and 
almospkeruMl  phmomena* 

Before  we  enter,  however,  upon  tiiese  particular  parts  of  our 
subject^  it  becomes  us  to  offer  a  brief  view  of  what^  so  far  as  we 
are  capable  of  determinmg  from  an  actual  survey  ot  nature,  appeals 
to  have  been  the  origin  of  the  earth,  as  to  its  present  stmctare  and 
constitution,  comprising  that  introductory  branch  of  geological 
science,  which,  as  we  have  already  observedi  professor  Werner  has 
distinguished  by  the  name  of  Gtognoq. 

The  object  of  Geognosy  is  to  unfold  the  general  make  of  the 
qlobe;  to  discover  by  what  causes  its  parts  have  been  arranged; 
from  what  operations  have  originated  the  general  stratification  of 
its  materials,  the  inequalities  with  which  its  surface  is  diversified, 
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Bud  the  imioeiiae  naniber  of  di&raH  subtUuicet  of  which  it  it  com* 
posed. 

In  pnrsuing  this  investtgetioDf  many  diiBcnlties  occnr  to  lu.  The 
here  surface  xur  mere  crust  of  the  solid  substtnce  of  the  earth  is  tlie 
whole  that  we  are  capfible  of  horing  ioto^  or  of  acquiring  a  know- 
ledge o^  even  by  the  deepest  clefts  of  irolcanoefl^  or  the  bottoms  of 
the  deepest  seas.  It  is  not  often^  however^  that  we  iiave  a  possi- 
bility of  esamining  either  seas  or  volcanoes  at  their  bottom;  the 
inhabitable  part  of  the  globe  bears  but  a  small  portion  to  the  unin* 
habitable,  and  the  civiUxed  an  infinitely  smaller  proportion  still. 
HenoCj  our  cuperience  must  be  necessarily  extremdy  limited ;  a 
thouMuid  facts  may  be  readily  conceived  to  be  unfolded  that  we  are 
incapable  of  ^sccounting  for,  and  a  variety  of  theories  are  daily  dis* 
appearing  while  other  theories  are  starting  up  in  their  stead. 

So  far  as  the  superficies  of  the  earth  has  been  hud  open  to  us  by 
lavinesb  rivers^  mioes«  &c.  we  find  it  composed  of  stony  masses, 
sometimes  simple,  as  jime-stone,  serpepthiey  or  quarts;  but  more 
frequently  compouad,  4>r  composed  of  two  or  more  umple  mate* 
tmh,  variously  mixed  and  upited  together,  as  granite,  which  is  a 
composition  of  quarts^  fielspar,  and  mica.  These  stony  nusscs, 
or  rockfl^  are  numerous,  and  they  appear  to  be  laid  one  over  the 
other^  so  that  a  lock  of  one  kind  of  stone  is  covered  by  another 
zqwcics  of  rockt  and  this  by  a  third,  and  so  on.  In  this  superpqsi- 
lion  of  rocks,  it  is  easily  observable,  that  their  situation  is  not 
aitNtrary;  every  stratum  occupies  a  determinate  place,  so  tliat  they 
follow  each  other  in  regular,  order  from  the  deqpest  part  of  the 
earth's  crust,  which  has  been  eaamined,  to  the  very  surfiure.  Thps 
there  are  two  things  jeespecting  rocks,  that  peculiarly  claim  o|ir 
attentk>n;  theur  composition  and  their  relative  situation.  But,  be- 
sides the  rocks  which  constitute  the  earth's  crust,  there  are  other 
masses  which  .mjost  also  be  considered.  These  traverse  the  rocks 
in  a  diftrent  direction,  and  are  known  by  the  name  of  veins,  as  if 
the  rocks  had  split  asunder  in  diffisrent  pbces  from  top  to  bottom, 
and  the  chasms  had  btm  aflterwards  filled  up  with  the  matter  which 
(constitutes  the  vem^ 

Independently  of  the  substances  thus  presented  to  us,  we  meet 
with  facts  that  prove  most  decbiy^y  that  the  general  mass  has 
undergone  various  revolutions  at  various  fiine^  and  revolutions  not 
only  of  great  .antiquity,  but  of  oniveral  extents    We  have  the  most 
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water,  nd  tint  crer;  part  of  it  hu  MSmd  dmgs;  aMMttb 
^piVB  Men  riB^tf)  puni  itftStOj  tfftDB  Mpuiuo  IiMbv  cIhbbsI^ 

yU'ttie'1<>d)!h«)lttctHl  lb H'to  ktw'in  dfcntel  l«ia.»><1iw  flM 
.;il"Allin]lt  t^fMMcrfW  cailM*  wteqOaW  to  tlie  pMttaMHFVMHi 
'Bflfeebrand"<^pmtiotb'i<>  Iminnne  aeen  too  raBOM' AMI''My 
trtand  briilnMi|att^  whidi  we'poams'.  to'  «lirit-«niiA%'i!i- 

'liUiJed.   '  ■....•..-•.-:,• 

One'point.'ltbwCTn',  ib  die  bUdtt  of  ill  the  fatriati^'ttrt  mr- 
roDnds  us  still  remains-decided,  thtt  the  bIicU  of  the  ^otw  hu,  «t 
some  period  or  other,  be«n  in'  a  state  of  fluidity,  and  that  fran 
this  circumstance  has  arisen  its  present  aTTHngement.  Now  the  Aiity 
twocauses  Ibat  can  enter  into  tlie  miad  of  niaoas  bring  competent 
to  such  an  effect  are,  the  operation  of  Are,  or  of  some  solvent ;  and 
hence  our  researches  become  in  some  decree  limited  to  tlie  imjuiry 
by  which  of  these  means  this  effect  bas  been  induced.  If  t  solvebi 
have  been  the  cause,  that  solvent  most  have  been  water,  for,  there 
is  no  other  fluid  in  nature  in  soflicieat  abutdance  to  have  acted  the 
part  of  a  solvent  upon  a  scale  so  piodigiou. 

Hence,  then,  two  distinct  theorici  miaet  wfaicfa  appear  to  bate 
been  agitated  with  considerable  waitnth  ih  fotnar  ^met,  bat  wrth 
a  much  greater  degree  of  warmth,  and  macb  deeper  vinr-of  tbe 
subject,  in  the  present  day;  Is  the  present  stt^ctUt'Of  Hm  Mlid 
tontents  of  the  earth,  so  far  as  it  is  capable  of  mamltifiiii.  Ac 
result  of  igneous  fasion,  or  of  aqueenswdadoD?  ]>  tbe  nntfloic 
or  the  Neptunian  s^rstem  founded  on  tbe  itrongnt  basist  In  ancient 
times  Meraclitus  took  the  lead  as  to  Ibe  fbraMr;  and  naJes^  or  ra- 
eriod,  Dioutih 
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of  it  with  which  we  are  acquunted,  ■  regular  series  of  decay  and 
renovation,  and  the  processes  by  which  these  are  affected  have  an 
uniform  relation  to  each  other.  The  hardest  rocks  are  woni  down 
by  air  and  waterp  canses  which,  however  slowly  they  may  operate, 
are  constant  in  their  action,  and  which,  therefore,  in  indefinite  time, 
must  be  equal  to  the  production  of  the  greatest  efiect.  From  the 
figure  of  the  surface  of  the  earth,  the  decayed  materials  must  be 
carried  towards  the  ocean,  and  ultimately  deposited  in  its  bed. 
This  transportation  may  be  impeded  by  local  causes,  or  may,  in 
general,  be  extremely  slow,  yet  from  the  declivity  of  the  land  it 
must  necessarily  take  place,  and  may,  therefore  be  admitted  as  an 
uniformly  operating  cause. 

2.  It  n  further  assumed,  that  at  certain  depths  in  the  mineral 
regions  an  immense  heat  is  constantly  present;  a  heat  which  ope- 
rates in  the  fusion  and  consolklation  of  the  substances  deposited  in 
theiw  regkins.  To  the  action  of  this  subterraneous  fire  the  forma- 
tion of  all  our  strata  is  attributed,  for  by  this  they  are  agam 
sublimed,  and  exposed  to  view  in  different  states  of  combumtion 
and  perfection.  These  strata,  therefore,  consist  of  the  wrecks  of  a 
former  world,  which  have  been  more  or  less  completely  fiiscd 
by  this  agent,  and  by  subsequent  cooling  have  been  consolidated. 

The  subterraneous  fire  to  which  these  effects  are  ascribed  is  con- 
ceived to  operate  under  the  modification  of  compression,  in  conse- 
quence of  which,  from  various  facts  appealed  to,  and  to  a  certain 
extent  confirmed  by  some  very  valuable  experiments  by  Sir  James 
Hall,  (provided  those  experiments  should  bear  the  test  of  farther 
enquiry)  it  seems  pretty  clearly  ascertained,  that  when  certain  gasses 
appertaining  to  the  fusible  substance,  as  carbonic  acid  for  example, 
are  rendered  incapable  of  flying  off,  a  much  less  quantity  of  actual 
beat  is  sufficient  for  the  purpose  of  fusion,  than  when  such  gasses, 
freed  from  a  heavy  superincumbent  pressure,  have  a  possibility  of 
escaping.  Now  the  subterraneous  fire  being  placed  at  immense 
depths,  the  substances  on  which  it  operates  ninst  be  enormously 
compressed ;  which  compression  will  prevent  their  volatilixation  in 
whole  or  in  part :  and  from  this  circumstance  it  is  possible,  we  are 
told,  to  explain  appearances  and  qualities  in  minerals,  and  to 
answer  various  objections,  which  would  otherwise  weigh  heavy 
agamst  the  hypothesis. 

3.  The  elevation  of  the  strata  is  in  like  manner  the  result  of  this 
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iffhtamvMVihirt;  and  itii  nwlpnliid  tfcaf  iwthipg  fat  Ih 
EwoUe  poller  vlikh  b  hanky  fMnead  CM  be  ftii|y 
flSWoind/adMiMite  io  aadi  -mi  ^Jferft 
Xbc  iJBittof  Ifcrae  poritfat »  not  maj  niflarHnpiMt,  andai  Ar  i 

^^^^^^^P  ww  iww  ^^^^v^B   ^w^^w^|n^f  ^^^I^Nff^^MB  Bipy^^   H^P  |NWHi^HHt  wMb 

«luflhJljs<MMctad,MgrlMaiteitt8d.  It  jwaybaaliomilyite 
Mnitwiiiw  mU  •■  bf  tha  PJaHwic ^lolqgiit^  that  the  itaUaaf 
the  caith  «ia  liahk  40  milcu  aad  tlwt  the  naferiab  aM  oan^ 
vasd  lo  jtbeaaa:  hat  tba  appcawancfi  «f  UoM^toaei  and  waiMii 
coateiniQg  Adb,  in  aAidh  tfaa  tpairy  itaclaae  11  atpedactaiitii 
kiha  iMMMtty  Ban  ilwir^  andia  phidiaya<dinribiitod  laiaa  of  cq^ 
•talliaed  carbonate  of  lime,  thiijanda  nwtj^fiwlilike  tbiib  OMUt 
at  all  tiaMt  militate  fiital^.agaiaitilha  manqr  4^  iie  in  tbe  prodao- 
tkmofaachipaCTy  itractitfe^  aadeiwh  PMajofgyitaH^^  Ar 

in  eaeij  initaooe  ia^whioh  It  is  foaad  ffrfEoent  to  pioduoa  mob  a 
Jimctae,  it  matt  naoeawrily  haia  4mnivj9d  eiery  laitjgeoftbe 
atnwtaie  of  the  ibell^  and  have  jtowtthar  <Uiiipated  the  caibonk 
acid,  nacaimry  tor  tbe  ^eioi  rf  qyitpHiiid  qnfaanate  of  Ijmttm 

Agpinit  tbe  aecond  iwAion  the  lolijeelioni  an  indaod  atro^ 
ifucmifltakenotpimopeiable.  *'l4iiJwt(fijQej«ajfslir.Pla|Aioia 
the  nmal  leme  of  tbe  wor4»  bat  hdtft  wluab  jt  icqnimdlia  tidi 
purpose;  and  there  is  notbiof  ohiBMiiGal  in  s«|ipo4p|g  that  QStare 
.  has  the  means  of  prodociiig  beajbevan  in  a  vcipy  ynat  d^pc^  vitb- 
Ottt  tbe  assistance  of  fbel,  or  of  vital  air.  friction  is  a  souec  of 
heal^  udiaHtedi  for  .what  we  know,  in  Us  extent;  and  so  perhaps 
aie  other  operations,  both  ohemical  and  mechanical ;  noraieeillKr 
combnstiMe  substances  or  vital  air  concerned  in  the  heat  ^Ifatts  pro* 
duced.  So  also,  the  heat  of  .the  sun's  rays  in  the  focps  of  a  buBiQif 
#taai,  ihejnost  intense  that  is  Loown,  is  independent  of  the  aub- 
ataoe  just  mentioned ;  and  though  the  heat  would  not  cahanie  a 
metal,  nor  even  bum  a  piece  of  wood,  without  wqfaaaus  sa%  it 
would  doubtless  produce  as  Jiigb  a  tempoature  jn  the  abeenoeai 
in  the  presence  of  that  gas."  From  these  and  other  eaperimeati^ 
lie  condudes, ''  that  it  not  aUurd  to  suppose,  that  Ae  beat  of«nt, 
dense,  and  £ied  bodies  may  he  consumed  by  the  greatness  of  the 
lMdie8,.and  the. mutual  action  and  reaction  betwoen  tbeuia^d  the 
heat  they  enut*** 

In  reply  to  this  argument,  which  we  admit,  is  Viuy  .inggninnilj 
^waduded^  ittis AuciUy  asked,  by  Am  anthor  of  iho  rdwnpr*^ 
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▼  WW  of  the  tivo  lyiluUy  Id  direct  tufkj  to  Mr*  PlAjnii^i  Ilhutis* 
tioDiof  theHHttoomnTheorj,  **  To  what  pwrpow  are  the  TaiMmi 
aourees  of  heat  emuDerated  in  this  leasoaiugt  To  prove  that  it 
may  eziit,  or  be  prodooed  independant  of  bmnrng.  This  wil  he 
leadiJy  granted ;  but  the  leasoaing  can  profo  nodiing  farther.  It 
can  be  satisftctorily  shewn  that  any  of  the  known  causes  of  beat 
are  as  incapable  of  producmg  it  in  the  mterior  parts  of  the  globe,  to 
that  extent  which  must  be  supposed  in  the  Huttonbn  theory,  as 
combustion,  whkh,  even  by  its  defenders,  is  confessed  to  be  inade* 
quate  to  that  purpose.** 

In  regard  to  the  third  general  position,  that  the  strata^  after  hav- 
ing been  fuaed  and  consolidated  by  subterranean  heat,  are  etevaled 
by  the  same  power,  the  same  general  objection  is  appliodbJet  which 
has  been  almdy  urged  against  the  preceding  principle,  via.  the  dif- 
ficulty or  impocsifaility  of  obtaim'ng  and  preserving  a  degree  of  heat 
aaffident  for  such  a  purpose.  And  even  were  this  granted,  no  prin* 
dpk  »  pointed  out  in  the  theory,  by  which  the  action  of  such  m 
power  can  be  regulated ;  why  it  may  not  anticipate  tir  be  too  hrte 
for  its  doe  season  of  actionj  and  be  as  often  the  cane  of  havoc  and 
disorder,  as  it  is  asserted  to  be  the  regular  and  pre-ordained  instra- 
ment  of  the  renovation  of  a  continent.  Hence  the  pijndple  assumed 
is -at  onoe  gratuitous  and  improbable. 

In  a  woric  restricted,  like  the  present,  to  nurow  extent  in  the 
discussion  of  the  diferent  articles  of  which  it  is  composed,  it  is 
always  a  poiut  of  very  considerable  consequence  to  detect  inroper- 
able  objcctkms  to  a  system  ta  limine;  for  it  enables  a  waiter  to 
appropriate  nmny  of  his  pages,  which  would  otherwise  be  devoted 
to  the  same  sul^cct,  to  inquiries  of  more  importance,  because  vested 
on  a  firmer  ibmidatioo.  If  the  objections  to  the  Plutonic  tiieoryj 
as  dready  urged,  few  as  they  are,  be  conceived  decisive  (and  we  can 
scarcely  imagine  any  other  verdict  from  our  readers),  we  may  welt 
be  4aved  the  trouble  of  pmnting  ont  those  iaconsiitaaciBsrit  labours 
under,  as  well  in  regard  to  the  actual /oiiljss  of  many  of  the  stony 
rocks  of  the  globe  contcmphUed  m  mass,  as  in  the  appearances  and 
properties  df  individual  fossils :  though  we  feel  persuaded  tliat  the 
aigumeuts  resulting  from  a  mmute  investigation  into  both  these 
pomts^  would  be  altogether  as  complete  as  in  the  question  of  prin* 
ciple.  It  is  snflkient,  however,  to  observe^  that  notwithstanding  its 
magnificeiice  of  structure,  and  extent  of  application^  notwlthstand- 
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ing  the  speciougneis  of  its  first  introductian,  and  Ibe  talents  witft 
which  it  iins  been  supported,  llic  Plutonic  theory'  »  built  upon  m- 
■umplioii  alone-  It  lays  down  ))Tinciple»  which  it  cannot  anppon, 
and  in  stating  observations  to  other  theories,  it  rather  clean  Um 
way  for  the  advance  of  sometliiag  unborn  than  establishes  itt  own 
poeitioM. 

tfepltidan  theory, — Under  this  view  of  the  origiu  and  structure  ot 
the  globe,  less  superb  iudeed,  but  posseting  u  much  wider  appeal 
to  facts  than  the  preceding,  it  is  conceived  thai  aqueous  sol utioD 
has  been  the  agent  by  which  the  phenomena  on  llie  supeihcies  of 
the  globe  have  beni  produced,  it  is  conceived  (hat  the  materials 
oFwbich  our  strata  coDsiat  were  at  one  liow  dissolved  at 
iu  water,  and  that  from  this  fluid  they  have  suecfissirdy  e 
in  varioiu  combinations,  partly  by  cryslallKation,  andpartiy.by  mm- 
chanical  decoiupositioii.  Granite  being  tiie  fsok  wkicii  compwM 
the  moat  elevated  part  of  the  globvk  "nd  which  likewiie.>f«n»  ilke 
buiioD  vhkb the  greater  ouiiiber«ftbeaUata.i*iit.i»iiip|KMed'to 
have  been  first  formed,  the  difiennt  paits  of  wUcb  H  coMiHi,  frltpt^ 
qnartz  aud  mica,  having  concreted  by  a  oyMaUinlioa  neady  wniil 
taneoua.  This  is  conceived  to  have  been  a 
followed  by,  a  similar  coosoUdatioii  of  the  ;Olha;^| 
gneis,  micareous  schist,  argillaceous  a> 

Thoae  rocki  compose  the  iliiif  iliiatiniiii  if  llaghhlliii  lyfcij.wi 
netcr  found  to  contain  any  organic  remaiii«  awhadcciMHiittwir 
fonmtion  must  have  been  prior  to  the  aaiiitem>ef>fiillW;DHWHl|te 
and  animal  kiDgdoms.  i  „       m'-':!-:  >'.    .-i-if. 

From  the  period  of  the  formation  of  these  stratai  it  is  contended 
that  the  water  covering  the  surface  began  to  diniiiiisb  in  height  by 
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Is  thb  fiery  mtmal  order  of  thingi,  the  geoml  kw  of  affioities,  which 
conthmlly  tcndf  to  faring  together  all  anlogdiit  partf,  must  h«fie 
exerted  itse)f  with  ite  whole  activity  npon  the  prindfrfes  of  this 
almost  fluid  paste,  and  the  result  have  been  a  number  of  bodies  of 
a  Bore<  definite  kind,  in  crystals  more  or  less  r^ular;  and  from  this 
anddy  substance,  in  which  the  principles  of  the  stones  were  con» 
firanded  that  compose  the  granite,  a  rock  must  have  been  produced, 
containmg  the  elementary  stones  all  m  possession  of  their  distinct 
ibrms  and  characters.  In  this  manner  it  is  that  we  observe  salts  of 
very  different  kinds  develop  themselves  in  waters  which  hold  them 
in  solution;  and  in  this  manner  it  still  happens  that  crystals 
of  spar  and  gypsum  are  formed  iu  clays  which  contain  their  compo* 
■ent  pails. 

It  may  easily  be  conceived  that  the  laws  of  gravitation  must  have 
influenced  the  arrangement  and  disposition  of  the  products.  The 
most  gross  and  heavy  bodies  must  have  fallen,  and  the  lightest  and 
most  attenuated  substances  must  have  arranged  themselves  on  the 
surface  of  the  foregoing;  and  this  it  is  which  coustitutes  the  primi* 
live  schists^  the  gneis,  tlie  rocks  of  mica,  &c.  which  commonly  repose 
upon  masses  of  eoarw-grained  granite.  The  disposition  of  the  fine* 
grained  granite  in  strata  or  beds»  appears  to  depend  en  this  posirioo^ 
and  the  fineness  or  tenuity  of  its  parts.  Being  phused  m  immediate 
contact  with  water,  this  fluid  must  naturally  have  influenced  the 
arrangement  which  it  presents  to  us ;  and  the  elements  of  this  rock, 
beug  subjected  to  the  effect  of  waves^  and  the  action  of  currents, 
must  have  formed  strata. 

Hie  locks  of  granite  being  once  established  as  the  ground  work  of 
the  superficies  of  our  globe,  we  may,  from  the  analysis  of  its  consti- 
tuent principles,  and  by  attendmg  to  the  action  of  the  various  agents 
capable  of  altering  it»  follow  the  changes  to  which  it  has  been  sub- 
jected, step  by  step. 

Water  is  the  principal  agent  whose  efl^ts  we  shidl  examine.  This 
flud,  collected  m  the  cavity  of  the  ocean^  b  carried  by  the  atmo* 
sphere  to  the  tops  of  the  most  elevated  mountains,  where  it  is  pre- 
cipitated in  rain,  and  forms  torrentfl»  which  return  with  various 
degrees  of  rapidity  mto  the  common  reservoir.  The  uninterrupted 
motion  and  fUl  must  gradually  attenuate  and  wear  away  the  hardest 
rocks,  and  cany  their  detached  parts  to  distances  more  or  less  con- 
siderable.   The  action  of  the  air«  and  the  varying  temperature  of  the 
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itmotfihctt,  lacUitHtc  th«  ■ticnnttion  and  the  dutmelion  of  IhfW 
rockf.  HrM  actt  upon  Ihejr  surface,  and  renden  it  more  ncnrable 
and  more  pcnctnible  to  th«  nal«r  which  succvcdi ;  eold  dindes 
them,  ti;  trveziog  the  water  whkb  bas  entertd  itilo  their  tesinre ; 
the  air  ilsetf  afTurds  the  Hcid  principle,  which  attacka  tbe  limeMirar, 
mid  <:ai>Ms  it  to  efflorctcc  ;  tbe  onygen  unites  to  Ibe  iron,  itnil  at- 
cuw*  it:  insomuefa  ibai  the  concurreDce  of  causes  hrann  tlw 
disunion  of  priiiripleE;  and  cunseiguendy  the  action  of  walrr, 
which  ckars  tbi^  surface,  carries  awav  the  products  of  deeomposi- 
tion,  and  makes  prcparalioii  for  a  succeeding  process  of  the  same 

Ike  fint  effect  of  tbe  nio  ia  flwnfim  to  dqwMi  tha  whMhmv 
But  the  stones  which  coi^kmc  tbem  moat  icittt  in  propwIiM  1« 
Ifaeir  hwdness ;  and  we  ought  not  to  be  satpriaed  wImw  we  ibinn 
peaks  whid)  have  btaved  ibe  deatractrre  artioB  of  taae,  and  stjM 
Knain  to  attest  the  prhnitin  levet  of  tbe  moaalaiiii  wUck  Inye 
4iMppeved.  The  primitive  ndn,  aUke  inacceniUe  to  tlw  ^jmry 
of  ages  M  to  the  animated  beii^  which  com  kii  daratad  aavH 
tain*  with  tbeor  remuRs,  may  be  coandtted  ai  tbe  wama  ac  wigto 
«f  riren  and  streams.  The  water  wUch  Ub  oa-  tMr  mNW^ 
fiovrs  down  in  torrents  by  their  laieml  turfaces.  In  its  course  it 
wean  away  the  soil  upon  which  it  incessantly  acts.  It  hollows  out 
a  bed,  of  a  depth  iiroporlioiied  to  the  rapidity  of  its  course,  the 
quantity  of  its  waten,  aod  the  hardness  nf  tbe  rock  over  wfaieb  it 
flows ;  at  tbe  same  lime  that  it  r^rrin  along  wtfli  it  portiixu  ami 
fragments  of  lucli  stones  as  it  loudens  in  its  conrse. 

These  stones,  rolled  alcmg  by  the  water,  must  strike  logelJier,  and 
break  off  iheir  projecting  andes :    a  rroces^  that  nia^i  iiiiickJy  have 
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kHerral  oonpriifed  between  tin  BHumlthw  of  Dtuiphiny  and  Vim- 
nih  And  are  carried  into  scai^  which  deposit  them  in  sinnU  pebbkt 
OB  thaahotc. 

The  jNilvemlent  remaias  of  nKNintaiu^  or  the  powder  wfakh 
Mnlta  from  the  roundiog  of  these  iinta^  are  canied  ahmg  with 
(nater  fiKility  than  the  fllnta  tliemielvei:  they  float  for  a  long 
lime  in  the  water,  whose  transparency  they  impair;  and  when 
thesa  same  waters  are  less  agitated,  and  their  course  becomes 
slachened,  they  are  deposited  in  a  fine  and  light  paste,  forming 
bads  more  or  Icn  tlud^,  and  of  the  same  nature  as  that  of  the 
rocha  to  which  they  owe  their  origm.  These  strata  gradnally 
grow  drier  by  the  a|^utination  of  their  principles;  they  become 
consistent,  acquire  hardness,  aDd  form  siliceous  clays,  silex,  petro- 
ailex,  and  all  the  numerous  class  of  pebbles  which  are  linmd  dis» 
parsed  in  strata,  or  in  banks,  in  the  ancient  beds  of  rivers.  The 
mud  is  much  mote  frequently  deposited  in  the  interstices  left 
between  the  rounded  flints  themselres,  which  intervals  it  fills,  and 
tbere  farms  a  true  cement  that  becomes  hard,  and  eoostitutcs  the 
oompoond  stones  known  by  the  name  of  puddmg-stones  and  grit» 
atones ;  for  these  two  kinds  of  stones  do  not  appear  to  difir  but  m 
the  ooanenem  of  the  gram  which  forms  them,  and  the  cement 
whiclr  connects  them  together. 

We  sometimes  observe  the  gnmite  spontaneously  decomposed. 
The  letture  of  the  stones  which  form  it  has  been  destrojied;  the 
principles  or  component  parts  are  disunited  and  separated,  and 
they  aie  gradually  carried  away  by  the  waters.  Water  filtrating 
through  monntaku  of  primitive  rockf  firtqucatly  earries  along  with 
it  very  minutely-divided  particles  of  quarti ;  and  proceeds  to  fornix 
by  deposition,  stalactites,  agates,  rock  crystal,  &C.  These  qaartiose 
atdacftitasv  differently  coloured,  are  o£  a  formation  considerably 
analogous  to  that  of  calcareous  alabasters;  and  we  perceive  no 
other  difference  between  them  than  that  of  their  constituent  parts. 
Thus  far  we  have  exhibited,  in  a  few  words,  the  principal  ehai^f^ 
and  various  modifications,  to  which  the  primitive  racks  have  been 
anbjected :  but  we  have  not  yet  observed  either  garnrinatkm  or  life ; 
nad  the  metals,  snlphnr,  and  bitnmens,  have  not  hitherto  presented 
tbemsdvcs  to  our  observatiott.  Their  fonnatkw  appears  to  have 
bean  povterwr  to  the  existence  of  tins  prmiitive  globe;  and  the 
nltenthms  and  defampasHhms  whieh  now  tenum  to  be  niqniead 
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wio,  aetn  to  bave  been  produced  by  the  tribes  of  living,  or  orgm- 
bed  b«iugt. 

On  tlie  one  liaiid,  we  heboid  the  nuiuerous  class  of  shell  nirimald. 
which  cause  the  stony  mass  of  our  globe  to  increase  by  thar  icmain*. 
The  spoils  of  these  creatures,  long  agitated  and  driven  about  by  tliv 
waves,  and  more  or  less  alteied  by  collision,  form  those  slralk  and 
banks  of  liine-stooe,  in  which  we  vent  often  perceive  impros^oits  of 
those  shells  to  which  I  hey  owe  their  origin.  On  the  other  band,  we 
observe  an  enormous  quantity  of  vegelablei  that  grow  and  perish  in 
the  sea  :  and  these  plants,  likewise  deposited  and  heaped  together 
by  the  currents,  form  strata,  which  arc  deeomposed,  Iok  their 
organization,  and  leave  all  the  principles  of  the  vegetable  con- 
founded with  llic  earthy  principle.  It  is  to  this  source  that  the 
origin  of  pit-coal,  and  secondary  scbblus,  is  usually  attributed ;  nnd 
this  theory  is  established  on  the  existence  of  the  texture  of  decom- 
posed vegetables  very  usually  seen  iu  schisti  and  cnal,  and  likewise 
ou  tbe  presence  of  shells  and  fish  in  most  of  these  products.  It 
appears  that  the  forniulion  of  pyrites  ought  iu  pari  to  be  attributed 
to  the  decomposition  of  vegetables :  it  exists  iu  greater  or  less 
abundance  in  all  acliisti  and  coal.  A  wooden  shovel  has  been 
found  buried  In  the  depositions  of  the  river  De  Ceze,  converted  io to 
jet  and  pyrites.  The  decomposition  of  animal  substances  may  be 
added  to  this  cause;  and  it  appears  to  be  a  conliniiation  of 
tliese  ideas,  that  we  find  many  shells  passing  tv  the  state  of 
pyrites. 

Not  only  the  marine  vegetables  form  considerable  strain  by  their 
decomposition;  but  the  remains  of  those  which  grow  on  the 
fiurfitce  of  the  globe  ought  to  be  regarded  among  tbe  caiuet  at 
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inclining  beneath  the  gaaate^  becanse  this  last  pierces  through  the 
envelope,  rises  to  a  greater  height,  and  leaves  at  his  feet,  almost 
beneath  it,  the  calcareous  remains  deposited  at  its  base. 

Sometimes  even  the  lime-stone  fills  to  a  very  great  depth  the 
crevices  or  clefts  formed  in  the  granite,  sometimes  scbistus,  or  trap, 
occasionally  containing  petrifactions.  These,  in  the  Wemerian 
system,  are  called  intermediate  or  transition  rocks  or  strata.  It  like* 
wise  happens  frequently  enough  that  such  waters  as  are  loaded  with 
the  remains  of  the  primitive  granite  heap  them  together,  and  form 
secondary  granites  which  may  exbt  above  the  calcareous  stone. 
These  cakaieous  mountains  are  decomposed  by  ibe  combined 
action  of  air  and  water ;  and  the  product  of  their  decomposition 
sometimes  forms  chalk  or  marie.  The  lightness  of  this  earth 
renders  it  easy  to  be  tran^rted  by  water;  and  this  fluid,  which 
does  not  possess  the  property  of  holding  it  in  solution,  soon  deposits 
it  in  the  fnrm  of  gurlis,  alabasters,  stalactites,  &c.  Spars  owe  their 
formation  to  no  other  cause.  Their  cry&talU^tion  is  posterior  to 
the  origpi  of  calcareous  mountains* 

Waters  wear  down  and  carry  away  calcareous  mountains  with 
greater  ease  than  the  primitive  mountains :  tlieir  remains  being  very 
Ught,  are  rolled  along,  and  more  or  less  worn.  The  fragments  of 
these  rocks  are  sometimes  connected  by  a  gluten  or  cement  of  the 
same  nature;  from  which  process  calcareous  grit  and  breccias 
arise.  These  calcareous  remains  formerly  deposited  themselves 
upon  the  quartozes  and ;  and  the  union  of  primitive  matter  and 
secondary  products,  give  rise  to  a  rock  of  a  mixed  nature. 

2.  The  mountains  of  secondary  schistus  frequently  exhibit  to  us 
a  pure  mixture  of  earthy  principles,  without  the  smallest  vestig^of 
bitumen.  These  ro^  aflbrd,  by  analysis,  silex,  alumina,  magnesia, 
lime  in  the  state  of  carbonate,  and  iron ;  principles  which  are  more  or 
less  united,  and  consequently  accessible  in  various  degrees  to  the 
action  of  such  agents  as  destroy  the  rocks  hitherto  treated  of. 

The  same  principles,  when  disunited,  and  carried  away  by  waters, 
give  rise  to  a  great  part  of  the  stones  which  are  comprised  in  the 
magnesmn  class.  The  same  elements,  worn  down  by  the  waters, 
and  deposited  under  circumstances  proper  to  facilitate  crystalliza- 
tion, form  the  schorls,  tourmaline,  garnets,  &e.  We  do  not  pre* 
tend  by  this  to  exclude  and  absolutely  reject  the  system  of  such 
naturalists  as  attribute  the  formation  of  magoesian  stones  to  the 
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deoompoMtioa  of  the  |irimitive  rockk  ^  ire  ttitok  timt  tfab  4br« 
mlwn  cmnot  be  objected  to  for  leveiml  tf  tbeia,  more  c0pecWly 
soch  AS  contain  nu^etii  in  the  grenMt  ^bMidinde. 

It  ftequently  happent  tfatft  the  iccoadiNry  schistt  are  iatettperfBd 
with  pyrites ;  md,  in  this  case,  the  Mnnfle  contact  of  air  and  walar 
fedlitates  their  decomposition  Sufpharic  acid  h  thas  farawii 
which  combines  with  the  varioas  cmMtttacnt  principles  of  the  Sloaey 
whence  resnlt  tlie  sulphats  of  iron,  of  amgnesiBp  ef  alnrnhMp  and  af 
Hnie>  which  effloresce  at  the  surface,  and  remain  conlbmided  tog&iiih 
Schists  of  this  nature  are  wrought  in  noMt  |4aces  where  alam  nuis 
have  been  established :  and  the  most  lalforions  part  of  this  under^ 
taliiug  consists  in  separating  the  sulphats  of  itfon,  •of  limcp  and  of 
magnesia  from  each  other,  which  are  mixed  together.  SoaMtimcs 
the  magnesia  is  so  abundant  that  its  sulphat  predominates.  The 
sulpliat  of  lime,  being  very  sparingly  sataUe  ia  water,  is  earned 
away  by  that  liqui<l j  and  deposited  to  fetti  gypeam,  or  the  earth  ^ 
plaster  of  Paris ;  while  the  other  more  sdlable  salts,  remakiing  aot- 
pendcd^  form  vitriolic  mineral  waters.  The  pyilloui  sdibts  aie 
frequently  impregnated  with  bitumeny  and  the  proportions  coHtilute 
the  various  qualities  of  pit-coal. 

It  appears  that  we  may  hiy  it  down  as  an  ineontestaMe  priadpier 
fliat  pyrite  is  abundant  in  proportion  astbe  trifuminoos  priBei|ile  is 
more  scarce.  Hence  it  arises,  that  coals  of  a  bad  quality  are  the 
most  sulphureous,  and  destroy  metallic  vessels,  by  conveftmg  then 
into  pyrite.  The  foci  of  volcanoes  ap^tear  tu  be  formed  by  a  sdilrt  of 
this  nature ;  and  in  the  analyses  of  the  stony  matters  which  are 
ejected,  we  tind  the  same  principles  as  those  which  cofistituCe  this 
scfiist.  We  ought  not  therefore  to  be  much  sarprised  at  finding 
schorls  among  volcanic  products ;  and  still  less  at  obaervmg  thai 
subterranean  fires  throw  sulphuric  saltt,  sulphur,  and  other  analo- 
gous pi'oducts,  out  of  the  entrails  of  the  earth. 

9.  The  remains  of  terrestrial  vegetables  exhibit  a  miature  <tf  pii- 
mitive  earths  more  or  less  coloured  by  iion :  we  may  therefore  eoa- 
sider  these  as  a  matrix  iu  which  the  seeds  of  all  stony  combmatioas 
are  dispersed.  The  earthy  principles  assort  themselves  according  to 
the  laws  of  their  affinities  ^  and  form  crystals  of  spar,  «f  ptaister, 
and  even  the  rock  crystals,  according  to  all  appearance :  fi»r  we  find 
ochreous  earths  in  which  these  crystals  are  abundantly  dispentd; 
we  see  them  formed  ahnoet  wder  our  eyes.    We  have  fvequcntlj 
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obienwd  indumtad  Ofhrdi  full  tf  fbnit  npHah  tftoiiiwting  io  two 
pynunids. 

Tlie  ocliKoitt  nrtiui  appctr  to  dcaer? e  the  grtitttt  atUptioo  of 
natunlkts.  Thcj  comtitite  one  of  tbt  nuMt  ftrtile  means  of 
actioo  which  nature  employt;  md  it  is  efco  in  airths  nearly  similar 
to  these  that  the  ekbontes  the  diamond,  iu  th^  kingdoms  oC 
Golconda  and  Visiapour. 

The  s|xnJ8  of  animals^  which  live  on  the  surfiice  of  the  globct  are 
entitled  to  some  consideration  among  the  number  of  <^oaes  which 
we  assign  to  explain  the  varioos  changes  our  planet  is  subjected  to. 
We  find  bones  in  a  state  of  considerable  preservation  in  certain 
places ;  we  can  even  frequently  enough  distinguish  the  qpedes  of 
the  ammals  to  wUch  they  have  belonged*  From  indications  of  this 
sort  it  »  that  some  writen  have  endeavoured  to  explain  the  disap- 
pearance of  certain  species;  and  to  draw  conclusions  thence,  either 
that  our  i^anet  is  perceptibly  cooled^  or  that  a  sensible  change  has 
taken  place  in  the  position  of  the  axis  of  the  earth.  The  phosphoric 
salts  and  phosphorus  which  have  been  found,  in  our  time,  in  comb^ 
nation  with  lead,  iron,  &e.  prove  that,  m  proportion  as  the  principles 
are  disengaged  by  animal  decomposition,  they  combine  with  other 
tedieSy  and  form  the  nitric  add,  the  alkalies,  and  in  general  all  the 
aumemis  kinds  of  nitrous  salts. 

In  examining,  then,  the  merits  of  the  antagonist  systems  of  geo* 
logy  DOW  offered,  we  have  no  objection  to  confess^  that  to  the 
HBttoniali  bdongsthe  praise  of  novelty,  boktuess  of  conception,  and 
anlimited  extent  of  view,  it  aspires  not  only  to  account  for  the 
present  appcaiances  of  the  earth,  but  to  trace  a  plan  by  which  the 
/ormation  of  suoocssive  worlds  is  developed :  it  seeks  to  extend  that 
«ider  and  annngenwnt,  that  principle  of  balance  and  restoration 
observed  in  all  the  departments  of  naUiie,  to  the  constitution  of  the 
globe  itself. 

With  this  system  the  Neptunian  forms  a  perfect  contrast.  It 
rpresumea  not  to  carry  its  researches  beyond  the  commencement  of 
ihe  present  vrorld,  or  to  extend  them  beyond  its  termiuatiou.  All 
the  phsenomeoa  of  geology  conspire  to  prove  that  water  has  been 
4hf  great  agent  by  which  rocks  have  been  Aurmed,  and  the  surfaoe 
of  the  earthnrranged.  It  does  not  pretend  to  deny  Ihe  existence  of 
anbtiMmmiin  £rts  to  a  oenain  exlent,  ox  that  many  of  the  phseno- 
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meaa  which  strike  us  most  fbrdbl j  wmj  be  the  result  of  such  atf 
agency ;  but  it  does  deny  that  such  an  agency  is  the  grand  or  gene- 
ral cause  of  the  geological  iiicts  and  appearances  that  accost  as  oa 
every  sidcp  and  denies  still  farther  that  any  such  fire  or  heat  can 
exist  to  an  extent  competent  to  such  an  extent  While  the  sdenco 
remains  in  an  imperfect  state,  deficiencies  may  be  found  in  the 
application  of  its  general  principle.  But  we  discover  no  inconsis* 
tencies  with  that  principle,  nor  contradictioas  to  known  and 
established  truths. 

More  especially  do  we  fed  disposed  to  adhere  to  this  last  theory 
from  its  general  coincidence  with  the  cosmogony  of  the  Holy 
Scriptures.  The  Mosaic  account  indeed  restrains  the  process  of 
creation,  and  the  period  in  which  the  waters  covered  the  entire  sur- 
face of  the  globe  to  a  limit  in  which,  '*if  the  terms  be  understood 
in  their  strict  and  literal  sense,  the  existing  pbamomena  of  nature 
seem  to  evince  that  they  could  not  possibly  have  occurred  i  for  it 
confines  the  entire  work  of  creation  within  the  compass  of  six  daya 
In  another  part  of  the  Scriptures,  however,  we  have  undeniable 
proofs  that  the  term  day,  instead  of  being  restrabed  to  a  sh^ 
revolution  of  the  earth  around  its  axis,  is  used  in  a  looser  and  mors 
general  sense,  for  a  definite,  indeed,  but  a  much  more  extensive 
period  :  and  we  have  as  ample  a  proof  from  the  book  of  nature,  the 
existing  face  of  the  earth,  that  the  six  days  or  periods  referred  to  in 
the  Mosaic  cosmology  imply  epochs  of  much  greater  duration  than 
so  many  diunial  revolutions— as  we  have  in  the  page  of  human  his- 
tory, thut  the  same  terms  were  employed  with  the  same  laxity  of 
meaning  by  the  prophet  Daniel.    Thus  interpreted,  scepticism  ii 
driven  from  her  last  and  inmost  fortress :  every  subterfuge  is  annihi- 
]a(cd»  and  the  word  and  work  of  the  Deity  are  in  perfect  unison  with 
each  other.    That  the  Creator  might  have  produced  the  whole  by  a 
single  and  instantaneous  effort,  is  not  to  be  denied :  but  as  both 
revelation  and  nature  concur  in  asserting  that  such  was  not  the  fi^t, 
it  is  no  more  derogatory  to  him  with  whom  a  thousand  years  are  but 
as  one  day,  and  one  day  as  a  thousand  years  to  suppose  that  he 
allotted  six  thousand  years  to  the  completion  of  his  design  than  that 
he  executed  it  in  six  days.    And  surely  there  is  something  far  more 
magnificent  in  conceiving  the  worid  to  have  progressively  attauicd 
form,  order,  and  vitality,  from  the  mere  operation  of  poweracon- 
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niaiiicated  to  it  in  a  slate  of  diaos,  or  unfiuhioned  matter^  tban  in 
supposing  the  actual  aud  persevering  exertions  of  the  Almighty  for 
a  definite,  although  a  shorter  period  of  time.— JEdli/or.  See  also 
Gooii  and  Gregory's  Paaabgia,  and  CompanUwe  StaiMunt  ofilu 
anil  Neptwdan  Sjfsiemi  ofGeolcg/. 


CHAP.  II. 

HISTORY  OF  THB  GENBBAL  DELUOB,  AND  OPINIOMS 

^   CONCEBNINO  IT. 

SiBTBBN  hundred  and  fifty-six  years  after  the  earth  was  made 
and  inhabited,  it  was  overflowed  and  destroyed  in  a  deluge  of  water : 
not  a  deluge  that  was  national  only»  or  over-ran  some  particular 
region ;  but  that  overspread  the  face  of  the  ifj^e  earthy  from  pole  to 
pole,  and  from  east  to  west ;  and  that  in  such  excess  that  the  floods 
uver-covered  the  tops  of  the  highest  mountahis;  the  rains  descend- 
ing after  an  unusual  mannerp  and  the  fountains  of  the  great  deep  be- 
ing broken  open ;  so  that  a  general  destruction  and  devastation  were 
brought  upon  the  earth  and  all  things  in  it,  mankind  and  other  liv- 
ing creatures;  excepting  only  Noah  aiUhis  fiunilyi  who,  by  a  spe- 
cif providence  of  God,  were  preserved  in.  a  certain  ark»  or  vessel^ 
with  such  kinds  of  living  creatuics  as  he  took  in  with  him.  After 
these  waters  had  raged  fouapne  time  on  the  earth,  they  began  to 
lessen  and  shrink ;  and  Uflpeat  waves  and  fluctuations  of  thu  deep, 
or  abyss,  being  quietecflSy  degrees,  the  waters  retired  into  their 
channeb  and  caverps  within  the  earth ;  and  the  mcmntains  and  fields 
began  to  appear,  and  the  whole  habitable  earth  in  that  form  and 
shape  wherein  we  now  see  it.  Then  the  wori^began  again;  and, 
from  that  little  remnant  preserved  in  the  arxTthe  present  race  of 
mankind,  and  of  animals,  in  the  known  parts  of  the  earth,  were 
propagated.  Tht%  |)erished  the  old  world,  and  the  present  arose 
|rom  the  ruins  and  remains  of  it 

Thb  is  a  short  stoiy^ of  the  greatest  event  that,  ever  happened 
in  tbe  WoHd ;  the  greatest  revolution^  and  the  greatest  chifige  in 
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nature :  and  which  justly  tiierefore  deNerves  to  be  more  puticularij 
considered  in  all  its  circomstances. 

That  there  was  such  an  unireiial  dMruction  by  water,  is  is  r« 
lated  by  Moses,  is  confinnfid  by  the  ceiKurteM  testimouies  of  setr- 
ral  of  the  most  ancient  writers  and  nations  hi  the  world.  Ik  Ghal« 
dean  records  give  the  foUowuig  account  of  it,  as  they  have  dcKend- 
ed  to  us  from  Bcrosus.  Chronus  or  Saturn  appeared  in  a  ^mmto 
XisuthruR,  tlie  tenth  of  the  Chaldean  kings,  accordinglo  tne  table 
of  Afhcanus,  and  warned  him  that  on  the  fifteenth  of  the  month 
Daesiiis,  mankind  would  be  destroved  by  a  flood:  and  therefore  com- 
manded him  to  write  down  the  original^  intermediate  state,  and  end 
of  all  things,  and  bur}'  tlie  writings  under  ground  in  Sippara,  the 
city  of  the  suu ;  that  he  should  also  build  a  ship,  and  go  into  it  with 
his  relations  and  dearest  friends»  having  first  furnished  it  with  prori- 
sion.s  and  taken  into  it  fowls  and  foui^fiMted  beasts  ;  and  that  when 
ho  had  provided  every  thing,  and  was  aAed  whither  he  was  sailing, 
he  should  answer,  *  To  the  gods,  to  pray  for  happiness  to  mankbd.' 
Xisuthrus  did  not  disobey,  but  built  a  vesael,  whose  length  was  fite 
furlongs,  an)t  breadth%ro  furlongs,  tie  put  on  board  all  that  be 
was  directed,  and  went  Into  it  with  his  wifi^,  children,  and  friends. 
The  flood  being  come,  and  soon  ceasing,  Xisuthrus  let  out  certain 
birds,  which  finding  no  food,  nor  place  to  rest  upon,  returned  agam 
to  the  sliip.  Xisuthrus,  after  some  days,  let  out  the  birds  again ;  bat 
they  came  back  to  the  shh),  having  their  feet  daubed  with  mud; 
but  wlien  they  were  let  go  Wie  third  time,  they  came  no  more  to  the 
ship,  whereby  Xisuthrus  underltood  that  the  earth  appeared  again ; 
and  thereupon  he  made  an  openii^  between  the  planks  of  the  ship, 
and  seeing  that  it  rested  on  a  certaiiAtemintain,  be  came  out  with 
his  w  ifc,  and  his  daughter,  and  his  piR^and  havhig  worshipped 
the  earth,  and  raised  an  altar,  and  sacri^d  to  the  gods,  be,  and 
tho<e  who  went  out  witli  him,  disappeared.  They  who  were  left 
behind  in  the  ship,  finding  Xisuthrus  and  the  persons  that  accom* 
pan  led  him,  did  9  rctum,  went  out  themselves  to  aeck  for  hnat 
calling  him  aloud  by  his  name ;  but  Xisuthrus  was  no  more  seen  by 
'them ;  only  a  voice  came  out  of  the  air,  which  injoined  them,  as 
their  duty  was,  to  be  religious ;  and  informedf^em,  that,  on  ac- 
count of  his  own  piety,  he  was  gone  to  dwell  With  the  gods  ;  and 
that  his  wife  and  daughter,  and  pilot,  wepe  partakers  of  the  same 
honour.    It  also  durected  them  to  return  to  Babylon,  ami  that,  at 
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the  fatei  had  ordameA  they  should  take  the  writings  frani  Sipparsp 
aud  coomuiiicate  them  to  waakinlC;  and  told  then  that  the  place 
where  they  were  was  the  country  of  Armeuig.  When  they  had 
heard  thi%  they  ofiered  sacittce  to  the  gqds.  and  unanimously  went 
to  Babylon ;  and  when  they  came  thither,  they  dug  up  the  writings 
at  Si|)pafa«  built  many  cities,  raised  temples,  and  rebuilt  Babylon. 

Tliat  Ihe  Egyptians  were  no  strangers  to  this  event,  appears  not 
only  from  tiiose  dKumstauces  in  the  st^ry  of  Osiris  and  Typiion 
meutiund  above,  but  from  the  testimony  of  Plato,  who  bays,  that  a 
certain  Egyptian  priest  recounted  to  Solon,  out  ok*  tlieir  sacred 
books,  the  history  of  the  univeraai  flood,  which  happeMrd  long  be- 
fore  the  particular  inuadations  known  to  the  Grecians.  I'he  inha- 
bitants of  Heliopolis  in  Syria  shewed  a  cfaasm  or  cleft  in  the  earth  in 
the  temple  of  Juno,  which,  as  they  say,  swallowed  up  the  walers  of 

the  flood  *.   Kay,  the  ve'iy  Amerieaaa  are  said  to  acknowledge  and 

'  I  '■       [■■■■■«       ■■■ 

*  T&r  author,  'who  mentions  this,  says,  the  Greeks  gave  an  account  of  (he 
nnWr.nal  ^duKc  (which  they  and  others  have  confounded  with  that  of  Dcuco- 
lioa)  too  cwiBOS  Co  be  vaMm^,  The  traction  goes,  proceeds  he,  that  the 
present  race  of  men  was  not  the  first,  for  they  totally  perisbe^,  but  is  a  fp^ 
cond  series,  which,  being  descended  from  DeucaUon,  increased  to  a  great 
multitude.  Kow  of  these  former  men  they  relate  Ibis  story :  they  were  very 
insolent,  aa4  addicted  to ^njuii  actions;  for  they  neither  kept  their  oaths^, 
DOT  were  hospitable  (o  ttn^^npio''  9^^^  ^^r  to  siippliants ;  fur  which  re.asoQ 
this  great  cnlamity  liefie]  them.  On  a  sudden  the  earth  poured  forth  a  vast 
qiiantity  of  water,  great  showers  fell,  the  rivers  oversowed,  and  (be  sea  arose 
to  a  prodigious  height ;  so  that  ni^  things  became  watcri  and  all  men  were  de- 
stroyed ;  only  Deucalion  was  left  unto  a  second  geperation,  on  account  of  bis 
prudence  and  piety.  He  was  laved  in  thly  paanneli  he  went  into  a  large  ark, 
or  chest  {^sfuutk)  which  he  had,  together  yiili  bis  sons  and  their  wive^  ;  aud 
when  he  was  in,  there  entered  sfripe  aiull  horses,  and  lions,  and  serpents,  and 
all  other  creatures  which  |ive-fp  tfie  earth,  by  pain.  He  received  them  all, 
and  th|y  did  him  oo  hart,  bat  the  gods  created  a  great  friendship  among  them  ; 
50  the  J  sailed  all  ip  one  chest  while  the  water  prevailed.  Thcae  things  the 
Greeks  relate  of  Deucalion.  But,  as  to  what  happened  after  (his,  tfaeie  in  an 
ancieat  tradition  ai^ong  those  of  Hieiapolis,  which  deserves  admiration;  viz. 
that  in  their  covatry  a  great  chasa  openedi  ajsd  receii|dail  the  water  ;  where- 
upon Deucaliop  erected  altars,  and  built  the  temple  of  Juno  over  (he  chasm. 
This  same  chasv,  says  onr  pathor,  I  have  seen,  ao^  it  is  a  very  small  ontf,  un- 
der the  temple ;  whether  It  was  formerly  bigger,  and  since  lessened,  I  catinot 
IcU  t  but  that  which  I  |ui?e  «een  is  liitle.  la  commemoFation  of  (his  histGry, 
they  do  thus:  twice  in  every  year  water  is  broui^ht  from  the  sea  to  the  temple, 
and  not  by  the  priests  only,  but  all  Syria  and  Arabia,  many  come  from  beytmd 
Jiiuphrates  to  (he  sea,  an4  all  carry  watery  which  they  first  ^our  out  in  tl}f 
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Speak  of  it  in  th«ir  continent :  and  we  are  loldt  Ibat  tlierc  is  a  tredt- 
tioD  amon^  the  Cliiuese,  th»t  Pubncii,  with  bis  family,  escaped  out 
of  the  j^envral  deluge ;  lliough  another  expressly  aiserts  the  Cfaineae 
annals  make  no  mention  alitll  of  the  Hmd,  and  that  it  is  a  nistslirta 
those  who  ithagitie  they  do ;  boivever,  it  seems  their  hiattinan*  do 
speak  of  a  flood,  which  some  suppose  to  be  thai  of  Noah,  bat  they 
do  not  make  ii  universal  *.  Most  nations  have  some  tradition  of  a 
deluge,  which  happened  In  their  respective  countries;  but  it  must 
be  nwned  at  the  same  time,  that  several  of  them  were  particutor  in- 
undjtions  only, and  ought  therefore  carefTillytobcdtslinguishcdl'roin 
thai  of  No-.ih  .  tliough  ancient  and  modern  writers  freijuenlly  con- 
found litem  together -t,  and  rdate  circumstAces  of  the  one,  wMrli 
belong  only  to  the  other. 

Some  difficulties  which  seetn  to  attend  Ow  Mosaic  account  of  the 
deluge,  such  as  the  finding  out  waten  sufflBcot  to  drown  the  world, 
and  the  improbability  of  all  sorts  of  auunali  being  preserved  in  the 
ark,  have  induced  some,  even  mea  of  learning,  to  lui^Mse  that  Noah's 
flood  was  not  untvena),  but  natioBal  nnly^and  coDfiacd  to  Judan, 
^  the  ci^lmjacent  regioost.   or  pnVapc  to  that  tnck  of  knd 

Iptnpir,  nnd  nfirriTard^;  il  Eliik<>  in<ii  the  rhasm,  which,  Uiough  il  be  small,  re- 
crivirinbundnocrnrwiKi'r.  And  when  IhrwJ»  UM,  the j  ley  Druralion  inelU 
luted  tlir  crrrmony  in  (hut  tecniilf,  m  a  inciRnriri^f  Ihe  cntamilj',  and  of  hit 
drlircraacr  froni  it. 

•  An  Arab,  who  (rnvcllrd  inlii  China  about  the  bc-pnoingof  Ihe  niofh  rcn- 
rury,  ^binp;  an  accounl  at  a  roavcnalion  he  had  irilh  the  Emprror,  UDODg 
nlhrr  thing!,  fhv^,  llial  mcwinnine  the  0uod  (o  thai  prtncp,  on  ocrajion  of  a 
picturr  of  Nnah  which  he  ffirired  him.  and  lellini;  him  thai  that  prophrt,  and 
liioyc  who  veie  favrd  with  hioi  in  the  ark,  pri>p1ed  the  nhole  cartb  i  (he  En- 
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which  lies  between  the  four  9eai»  the  Fentan,  CaspiaOj  Eaxine^  and 
Mediterruiean^  or,  tt  moatp  reached  no  farther  than  the  continent  of 
Asia.  And»  to  support  this  presumption,  they  allege  that,  suice  the 
primary  design  of  the  flood  was  to  destroy  mankind  only,  who 
conld  hardly  be  thought  in  so  short  a  time  to  hate  overspread  the 
lace  of  the  whole  earth,  there  was  no  necessity  f  o  carry  tbe  waters 
beyond  the  bounds  of  what  was  inhabited  ;  and  though  in  tbb  rase 
ail  tiie  animals  in  the  world  (which  were  probably  farther  propagat- 
ed than  man»  being  created  in  greater  numbers,  and  perliaps  in  di- 
vers parts) -might  not  have  been  destroyed ;  yet  it  is  conceived,  that 
it  was  necessary  to  save  some  in  the  ark  for  future  propagation,  and 
that  men  might  liave  tbem  ready  for  their  use  presently  after  the 
flood,  whidi  could  not  otberwise  have  been.  One  author  indeed  has 
gone  so  far  as  to  suppose,  that  all  mankind  did  not  perish  iu  the  de- 
luge ;  and  has  endeavoured  to  prove,  from  a  peculiar  exposition  of 
the  curses  of  Cain  and  Lamech,  that  the  Africans  and  Indians  are  of 
their  posterity.  But,  as  he  has  el;iewhere  himself  confuted  this  opi- 
nion by  the  strongest  arguments,  we  shall  say  no  more  of  it.  And 
it  is  easy  to  shew,  against  tlio&e  who  hold  the  former  opmion,  that 
they  deny  a  matter  of  fact  to  get  over  a  difficulty,  and  that  the  de- 
loge  vras  univeml  in  its  extent  as  well  as  efiect. 

For,  first,  the  Scriptures  put  this  matter  out  of  doubt,  by  expressly 
telling  us,  that  all  the  high  hills  under  the  whole  heavenwere  cover- 
ed by  the  waters,  and  that  all  flesh  died  that  moved  upon  the  earth, 
except  only  Noah,  and  those  tliat  were  with  him  in  the  ark^.   Nor 

'*  At  the  time  of  the  delsge,  a  man  who  had  escaped  with  his  sons,  went  from 
Annepia,  being  driven  oat  of  liis  possessions  by  those  of  the  countiy  i  and, 
passing  over  the  intermediate  region,  cfme  into  the  mountainons  part  of  Syria, 
which  was  tlien  desolate." 

*  Tbe  words  of  Moses,  one  wQold  think,  are  too  plain  to  admit  any  snbter- 
foge,  God  looked  npon  tlie  earth  i  and  beliold  it  was  cormpt  i  for  ail  flesh 
had  corrupted  his  way  upon  the  earth.  And  God  said  onto  Noah,  the  end  of  all 
flesh  is  coaie  before  me — and  I  will  destroy  tbem  with  the  earth.  Behold  I, 
even  I,  do  bring  a  flood  of  waters  upon  tiie  earth,  to  destroy  all  flesh,  wherein 
is  the  breath  of  life,  from  under  heaven  i  and  every  thing  that  is  In  the  earth 
shall  die.  Every  living  substance  that  I  have  made  win  I  destroy  fhm  off  the 
lace  of  tbe  earth.  And  the  waters  prevailed  exceedingly  upon  the  earth  y  and 
all  the  high  hills,  that  were  under  the  whole  heaven,  were  covered.  Fifteen 
cubits  upward  did  the  vraters  prevail  3  and  the  mountains  were  covered.  And 
all  flesh  died  that  moved  npon  the  earth,  both  of  fowl  and  of  cattle,  and  of 
j^cait  and  of  every  creeping  thing  that  creepeth  upon  the  earth,  and  every  maa. 
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will  the  ttrms  of  Motet  allow  the  word  earth  in  this  pkwe  to  be  lev 
stratnedy  as  k  aiay  in  seme  othen*  to  Judea*,  er  any  other  particnlar 
track  of  land  f  fbr^  unless  the  laws  of  natoie  wen  miracnkMidj 
pended,  before  the  waters  hi  one  region^  nocb  more  on  b  whole 
tinent,  eonld  exceed  the  tope  of  the  highest  nioi»tains«  they  wbbM 
tamlydifluse  theraselTem  and  overflow  the  rest  of  theearth.  Sccowiljr, 
if  the  deluge  were  topical/there  was  ao  need  of  the  arh ;  Noahand 
bis  fiiroily  needed  only  to  have  retired  to  another  conutry^  whieh  he 
might  have  done  with  more  ease,  and  in  less  thne,  than  have  b«Ut  so 
VBst  a  vessel ;  the  beasts  might  have  saved  thteiselves  by'  flight;  or 
their  loss,  especially  those  of  the  unclean  hhids^  have  been  replenished 
from  other  places ;  and  the  birds  might,  without  macb  difficulty, 
have  flown  to  another  continent.  Thirdly,  the  nnmberof  manknid 
liefore  the  flood  was  vastly  superior  to  what  the  present  earth  is,  pei^ 
haps,  capable  of  sustaining,  according  to  various  ealculatiom :  and 
the  waters  must  therefore  liave  overspiaad^  in  alt  probability,  a  larger 
part  of  the  earth  than  is  now  known  to  he  inbabited:  and  consequent^ 
ly  the  whole  globe,  that  none  might  escape  theDivhie  vengeance,  most 
have  been  overflowed.  Fourthly,  the  earth  itself  seean  to  oflGev  us  a 
demonstrative  argument  of  the  oniversallity  of  the  deluge,  from  the 
vast  number  of  the  shells  and  teeth  of  flsh,  bones  of  aniBmls,  intua 
or  partial  vegetables,  and  other  strange  thingSi  which  are  to  be  fonad 
on  the  tops  of  the  highest  mountains^  and  in  the  bowels  of  the 
eartli,  at  a  great  distance  from  the  sea,  and  were  probably  left  by 
the  flood  f . 

All  in  whose  nostrils  wns  the  breath  of  life,  of  all  that  was  in  the  dry  huid,  died. 
And  every  living  substance  was  destfojred  which  was  upon  the  Are  of  (be 
Kfonnd,  both  man  and  cattle,  and  the  creepini;  things,  and  the  IbwIofCba 
heaven  ;  and  they  were  destroyed  from  the  earth  ;  and  Noah  only  remaiiwd 
alive,  and  thry  that  were  with  him  in  the  ark. 

*  Peyrcriiis,  one  part  of  whose  pre-adamite  s^'slem  is,  tliat  tbe  aood  extend* 
ed  no  farther  than  J  odea,  which  he  supposes  to  be  all  that  Moses  meant  by  the 
earth,  would  also  perboade  us,  that  that  writer,  by  mankind  which  were  tm  be 
destroyed,  intended  the  posterity  of  Adam  ;  by  the  living  erealores,  the  Gen- 
tiles or  pre-adamites,  miied  with  the  race  of  Adam  ;  and,  by  the  great  deep, 
fhe  sea  of  Palestine. 

f  ThU  argnmcnt  is  offered  witli  some  dllBdence ;  for  though  the  aest  espe- 
rienced  philosophers  now  agree,  that  these  shells,  &c.  are  not  moek-produe* 
tlons  of  natnre,  or  originally  formed  in  the  places  where  they  are  fband,  by 
some  plastic  power  of  salts,  or  other  minerals  (which  was  the  eoqjectiireof  Dr. 
Plot  and  other  natoralists)  inatmoeh  oi  they  are  not  to  be  dlstingnbhed  ftwi 
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11  is  now  time  td  eonsider  by  whit  meaiit  this  terrible  devastaf ion 
was  brought  oo  the  earth,  and  in  what  manner  those  that  escaped  it 
were  preserved. 

If  the  delnge  were  um'fenaly  the  quantity  of  water  required  to  ef- 
^t  it  Is  so  inmiense,  that  it  has  been  generally  thought  extiemely 
diffoflt,  if  not  impossible  to  say,  whence  it  came,  or  whither  it  went. 
The  proportion  of  water,  sufficient  to  cause  such  an  inundation,  has 
been  computed  at  eight  oceans ;  but  a  person  well  able  to  make  the 
lalcolation  says,  that  there  must  have  been,  at  the  lowest  computa- 
tion, twenty*two  oceans.  And  where  to  find  this,  is  the  question. 
There  are  the  clouds  above,  and  the  deeps  below,  and  in  the  bowels 
€if  the  earth  ;  and  these  are  all  the  stores  we  have  for  water  ^ :  and 
Moses  directs  us  to  no  other  for  the  causes  of  the  deluge.  The 
^ntains  of  the  great  deep  (says  he)  were  broken  up,  and  the  win- 

rtml  ihdis,  teeth,  &c.  by  the  nicest  cxami nation  of  Ike  eye,  and  even  the  mi- 
croscope,  and  bum  not  immediately  into  a  calx  or  lime,  as  all  tophaceous  or 
stony  rabstaoces  do,  but  first  into  a  coal  and  then  into  a  calx,  which  Is  the 
known  q(iallty  of  things  of  a  bony  or  fleshy  natnre  %  yet  they  do  not  aipve  that 
^ese  tbinKi  were  broiif[ht  in  by  the  nniTersal  delnge,  for  this  reason,  naung 
set eral  olhersy  that  living  aninwls,  or  fish,  have  been  found  in  some  of  thoss 
fossil  shells,  and  Chat  such  marine  substances  are  spmetimes  formed  and  gene- 
rated in  human  bodies;  and  therefore  it  is  supposed  they  were  formed  by  a 
ipeitnatfe  principle,  as  fish  spawn,  received  Into  the  cfainkji  and  other  meatuses 
•fthe  earth)  and  IhRingdown  fn  rains,  ftc.  f  which  may  be  allowed,  indeed,  of 
the  KVfml  kinds  of  sbeH-fish,  whose  shells  might  preserve  them  in  the  earth  i 
bat  can  hnrdly  be  admitted  mb  to  otheis  of  those  fossils,  such  as  the  glosso* 
petrsB,  or  teeth  of  the  shark,  and  the  other  bones  of  larger  creatures.  As  to  the 
snbtemneotts  woods,  and  fossil  trees,  there  seems  to  be  no  great  reason  to  be- 
lieve they  were  thrown  down  by  the  delnge,  and  have  lain  bnried  in  the  earth 
ever  slneei  H  being  anch  more  probable,  that  they  either  were  occasioned  by 
immdntioM  nf  Ike  sea,  or  were  felled  by  men  in  the  places  where  they  now 
lie  t  as  is  vadeaiable  of  many  of  them,  which  still  show  the  marks  of  the  aze. 
*  Moses,  in  his  account  of  the  creation,  speaking  of  waters  above  the  firma- 
ment, though  it  be  generally  understood  of  the  clouds  and  aqueous  vapoon  sus- 
tained in  the  middle  region  of  the  air,  yet  some  have  Aincied  thcns  to  be  waters 
placed  above  the  heavens,  and  Iwve  been  willing  to  asake  nse  •f  them  for  a 
supply,  whea  they  could  not  find  enosgh  wider  the  heavens  to  make  up  the 
■ma  of  tbe  delnge  t  though.  If  these  issaginary  waters  were  there,  how  to  get 
tiiem  down,  or  to  lift  then  np  afain,  is  not  cnsy  to  teU.  Bat  since  the  system 
of  tbe  wofid  has  tieen  betler  known,  and  the  natnre  of  the  heavens,  it  is  pre- 
sumed there  are  none  that  would  assert  thcie  supercelestial  waters,  mneh  less 
make  that  extravagant  we  of  thces,  as  In  bHoftkni  down  hither  for  a  cmve  of 
the  deluge. 
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dows  of  hetvcD  weie  opened  ;  atid  the  nm  wm  vpoa  the  c^Mi 
ibrtj  dajs  and  forty  nigbts.  By  the  grcal  dceptone  nndfntwid 
the  ocean ;  but  others^  with  more  reason,  the  sobtenaneoiis  ibyH  or 
TBit  collectioo  of  waten  in  the  howels  of  the  earth*.  Botitiithoii^ 
the  waters  which  either  the  abyss  or  the  lain  eonkl  affNiL  will  AH 
prodigiously  short  of  the  proportion  required.  Acooidiag  to  the 
observations  made  of  the  Quantity  of  water  that  falls  in  laii^  the 
rains  could  not  afford  one  oceaujnor  half  an  ocean^  and  wonMban 
very  inconsiderable  part  of  what  was  nccessaiy  for  a  deluge,  if  it 
rained  forty  days  aiid  forty  nigbts  thrangbont  the  whole  earth  at 
onoe»  it  might  be  sufficient  to  lay  all  the  lower  grounds  under  waler, 
but  it  would  signify  very  little  as  to  the  overflowing  of  the  moan* 
tains ;  so  that  it  has  been  said,  that,  if  the  deluge  had  been  made 
by  rains  only,  there  would  have  needed  not  forty  days^  but  forty 
years,  to  have  brought  it  to  pass.  And  if  we  suppose  the  whole  at* 
moqphere  condensed  mto  water,  it  would  not  at  all  have  been  sulR- 
dent  for  thb  effect;  for  it  is  pretty  certam  ttat  it  could  not  have  riseq 
above  thirty*two feet, which  is  well  known  tobe  the  usual  height  ta 
which  water  can  be  raised  by  the  pressure  of  the  atmosphere ;  since 
the  weight  of  the  whole  air,  when  condensed  into  water,  can  be  no 
more  than  equal  to  its  weight  m  its  natural  state,  and  most  becaaia 
no  less  than  eight  hundred  times  denser;  such  bemg the  diflerence 
between  the  weight  of  the  heaviest  air  and  that  of  water.  And  aa 
to  the  abyss,  if  by  it  we  intend  the  sea,  this  hitter  is  no  liighcr  than  the 
land,  as  some  have  formerly  imagined,  and  therefore  could  contri* 
bute  nothing  to  the  deluge ;  it  would  keep  its  bed  as  it  does  now, 
and  take  up  the  same  place ;  and,  if  we  undentaud  the  subterrane- 
ous waters,  they  would  be  quiet  in  their  cells,  and  not  ascend  other- 
wise  than  by  force ;  and,  if  force  were  used  to  draw  them  out  on  the 
surface  of  the  earth,  then:  places  must  be  filled  agam  with  other 
waters,  so  that  this  turns  to  no  account  upon  the  whole. 
This  being  the  case,  some  cut  the  knot  which  they  cannot  looss^ 


*  NoCwitbstaiidiDK  the  word  QV^  leAoM,  depth,  in  lome  paMfNtis 
tttppos<^d  to  Bignify  the  sea,  yet  it  may  lie  there  much  better  inlerpfeted  of 
•obterrancoiiswaten,  ai  it  manifestly  most  in  other  placet.  And  being  htr9 
joined  with  the  epithet  f^^-f  roMoA,  great,  it  leems  Mows  intended  that  vast 
collection  of  waten,  which  the  most  sagacious  naturalists  place  in  the  womb  of 
the  earth,  the  receptacle  of  the  greatest  part  of  that  deep  which  covcfe4  tht 
earth  at  the  be|inDing  of  the  creation. 
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iwi'flhew  « ikt  mktd  •m  ot  Oiuipoteiiee ;  tayiDg,  that  Grod  cret« 
ted  wtteiB  oD  purpose  to  make  the  deluge,  and  then  annihilated 
tiMai  again  whoi  the  deluge  was  to  cease.  But  our  business  is  not 
Imr  to  eaquiie  what  Ood  could  work  by  his  almighty  power,  but 
te  aocount  ftr  this  c^rent  m  the  best  manner  we  can  from  natural 
causes }  nor  are  we  rashly  to  fly  to  the  di?ine  omnipotence,  especi- 
ally for  the  creation  of  new  matter.  Moses  plainly  assigns  natural 
causes  of  the  deluge>  forty  days  rain,  and  the  disruption  of  the 
abyss;  and  St.Feter  has  assigned  a  cause  also,  the  natural  const!- 
ttttkm  of  the  world ;  and  neither  of  them  mention  a  word  of  a  new 
CKUtioa  of  waters.  Othersi  therefore,  instead  of  a  creation,  sup- 
poee  a  Iranselemetttation,  and  say  the  air  was  changed  into  water, 
and  that  tins  was  the  great  instrumental  cause  of  the  deluge.  But  such 
ofMaion  agrees  as  little  with  the  philosophy  of  Moses  or  St.  Peter,  as 
the  preeedinf,  and  tenders  the  opening  of  the  abyss  perfectly  need- 
less :  besides,  such  a  transmutation  would  in  effect  be  no  more  than  a 
condensation,  the  insufficiency  of  which  has  been  already  shown. 
Accordbg  to  a  third  expedient,  the  rain  and  sea*waters  were  rar^ 
find  so  as  to  reach  the  determined  height :  but,  if  the  waters  were 
fifteen  times  rarer  than  they  naturally  are  (as  in  that  case  they  must 
fcafe  beeo^)  it  is  hard  to  say  how  they  could  either  drown  man  or 
beast,  keep  alive  the  fish,  or  support  the  ark.  A  fourth  opmion 
isb  Chat  the  aatediluYkn  earth,  with  all  its  stones,  metals,  mineral 
eoncretioos,  and  all  fossils  whatsoever  that  had  obtamed  any  solidity, 
was  totidly  dissolved  in  the  deluge,  the  cohesion  of  its  parts  per« 
fectly  ceasing;  that  the  corpuscles  of  these  solid  fossils,  tc^ther 
with  the  corpuscles  of  those  which  were  not  before  solid,  such  as  earth, 
aand,  and  the  like ;  as  also  animal  bodies,  and  parts  of  animab,  bones, 
teethj  shells ;  vegetables,  and  parts  of  vegetables,  trees,  shrubs,  herbs; 
m  short,  all  bodies  whatsoever,  which  were  either  in  the  earth,  or 
that  constituted  the  mass  of  it,  if  not  quite  down  to  the  abyss,  yet  at 
least  to  the  greatest  depth  we  ever  dig,  all  these  were  promiscuously 
taken  up  into  the  waters,  and  made  one  common  mass ;  that  at  length 
they  subsided  downwards  together,  generally ;  and,  as  nearly  as 
might  be  expected  in  such  a  confusion,  according  to  the  laws  of 
gravity ;  and  thus  formed  the  strata  of  stone,  marble,  coal,  and  the 
rest,  of  which  the  earth  manifestly  consists.  While,  in  consequence 
of  these  bemg  bodies  of  different  kinds  and  constitutions,  which 
are  neariy  of  the  same  specific  gravity,  it  thence  happened,  that 
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bodiet  oTqaite  diimot  kinds  sabaded  H  Ae  ane  iortHit,  Md  M 
togdher  with  the  tunc  itnitiiin ;  fiH  which  rmod  the  Adb  «f 
oocUetk  eicallopt,  aad  the  reit*  which  h«f«  a  gmtrr  digwa  rf 
gimvity,  were  mclnted  and  lodged  in  theitrataof  itoiiaaMi  BuUi^ 
and  the  heavier  knds  of  terrestrial  anttcr,  the  lighter  JkUs  oel 
sbiking  dowB  till  afterward^  and  so  lailiag  amoog  the  tighter  nattsn 
as  dralky  and  the  like.    Bat  tlib  strange  and  boM  hypotbesfa^  ta 
which  the  author  was  driven^  tosolte  these  phanomena  of  thenleifor 
fNuts  of  the  earth,  (which  yet  might  posnbly  be  otherwivosceonted 
for,)  if  so  little  consMtcnt  with  the  Mosaic  histofy  of  the  dslwgc, 
takes  so  little  notice  of  the  opening  tlie  windows  of  heaven,  nni 
is  so  contmry  to  the  universal  law  of  nuntual  attnction,  and  As 
specific  gravities  of  bodies,  acoounts  for  sofew  of  the  pLflsnonena  ef 
the  deluge,  impUcs  such  a  new  sort  of  fcrnalion  or  creation  of  the 
earth  at  the  deluge,  without  wanani  for  the  ssbk,  and  is  so  wiuch 
sueie  than  \m  observations  requiwr  or  will  support,  that  It  cannot 
engage  the  assent  of  any  considering  pcnen.    A  fifth  opinion  h^ 
that  thoi^h  the  reins  might  afford  a  vast  qaamHy  of  water  towards 
-a  deluge,  yet  tlie  chief  cause  was  the  changing  tlie  centre  of  the 
earth,  and  setting  it  nearer  to  the  centre  or  nuddle  of  our  coofi- 
sient ;  whereupon  the  Atiautic  and  P&oific  oceans  must  needs  press 
upon  the  subterraneous  abyss ;  and  so,  by  medkitioo  thereof,  force 
the  water  upwards,  and  compel  it  to  run  out  at  those  wi«le  nioulhs 
and  apertures  made  by  the  divine  power  breaking  up  the  foualaios 
of  the  great  deep.    These  waters,  thus  poured  out  from  the  orifices 
of  the  fountains  upon  the  earth,  the  declivity  being  changed  by  the 
■emoval  of  the  centre,  could  not  fiow  down  to  the  sea  again,  but 
must  needs  stagnate  upou  the  earth,  and  overflow  it:  and  after^ 
wards,  the  earth  returuuig  to  its  old  centre,  return  also  to  their  famer 
aeeeptacles.    This  hypothesis  gives  a  fiiir  and  easy  solution  of  all 
iiie  phsenomena  ot^  the  deluge, save  ouly  the  generality  of  it,  makiag 
A  topical,  and  confiuing  it  to  our  continent ;  for  which  reason  a 
very  sagacious  naturalist,  who  otherwise  approves  it,  proposes  a 
sixth  Hay  of  solving  them ;  aud  that  is  by  supposing,  that  the 
divme  power  might  at  tliat  time,  by  the  instrumentality  of  some 
watuial  ageut,  to  us  at  present  unknown,  so  depress  tlie  surfiwe  of 
the  ocean,  as  to  force  the  waters  of  the  abyss  through  the  beftne- 
mentioned  cfaauneki  aud  apertures,  and  so  make  them  a  partial  and 
concumnt  cause  of  the  deluge,    Aud  it  appears  from  instamys» 
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tktt  then  ut^  at  iom«  liiiies»  So  fdt  tomt  of  iiUure,  extraordhiafy 
pressvict  ^o  the  snrfhce  ivT  tlie  Bca*,  whkh  force  the  waters  omU 
wanii  Dpoo  the  shom^  to  a  great  he^t.  Beit  Ifats,  we  fear,  is  too 
ooeult  a  caase,  to  gife  madi  satisfactioa  to  a  philosophic  hiqiiirer. 

We  have  still  to  coasider  the  hypotheses  of  two  other  philosophers 
well  kDOWB  10  the  vepohKc  of  letters^  we  mean  Dr.  Burnet  and  Mr. 
Whistoo« 

To  hafe  a  complete  idea  of  that  of  the  former^  we  most  premise 
that  he  conceifes  the  fint  earth,  from  llie  mminer  of  its  form- 
atioBt  to  hafe  been  externally  regnlar  and  mitfonn,  of  a  smooth 
aad  €veD  surfiMe,  without  mountains,  and  without  a  sea ;  and  that 
the  waters  bdonging  to  it  were  wholly  inclosed  withia,  or  under  its 
afiper  orast,  which  formed  a  stupendous  ?au1t  around  then*    This 
faA  collection  of  waters  he  takes  to  have  been  the  gi^eat  deep,  or 
abjst  of  Moses;  and  that  the  disruption  of  it  was  the  chief  cause  of 
the  delage.    For  he  supfioses,  that  the  earth  being  ibr  some  hrni- 
dteds  of  yeais  exposed  to  the  continual  beat  of  the  sun,  which,  by 
reason  of  the  perpendicular  position  be  imagines  the  earth's  axis  then 
bad  to  the  plane  of  tlie  ecliptic^  was  very  mtense,  and  not  allayed 
by  that  diversity  of  teasans  which  now  keeps  ouf  earth  in  an  €i|aa- 
lity  of  temper,  its  exterior  crust  was,  at  kugth,  very  much  Aied ; 
and  when  the  heat  had  pierced  the  shell,  and  reached  the 'waters 
beneath  it,  they  began  to  be  rarefied,  and  raised  into  vapours; 
which  rareiaolion  made  them  require  more  space  than  they  needed 
before ;  and,  finding  themselves  peat  in  by  the  exterior  earth,  they 
piessed  with  violence  against  that  arch,  to  make  it  yield  to  their 
dOatati(».    And  as  the  repeated  action  of  the  sun  gave  font  to  those 
inclosed  vapours  more  and  more,  and  mode  them  more  strong  and 
violent;  so,  on  the  other  hand,  it  weakened  more  and  more  the 
aich  of  the  earth  that  vras  to  resist  them,  sucking  out  the  moisture 
that  was  the  cement  of  its  parts,  and  parching  and  chappug  it  in 
sundry  plaoas ;  and,  there  being  no  winter  to  close  tip  III  parts,  it 


•  We  ImuI,  apoB  our  coaili,  not  moy  yeftn  ago,  an  extimovdinnry  tide, 
wherein  the  water  rote  soiiigk,  m  to  overflow  aU  the  lea-hanla,  drown  molti- 
tndes  of  cattle,  and  fiU  the  lower  rooms  of  the  bontes  of  many  villages  that  itood 
near  the  teai  to  that  the  inhabitants,  to  save  themselves,  were  forced  to  get 
into  their  upper  rooms  and  garrets.  And  how  this  conld  be  effected,  but  by 
an  nnnsoal  preisare  oa  the  soperficles  of  the  acean,  onr  anthor  cannot  well 
caactive* 
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grew  more  and  more  disposed  to  a  dissolotiou ;  uid^  at  lengtb, 
when  God's  appointed  time  was  come,  the  whole  fabric  broke^  and 
the  frame  of  the  eartli  was  torn  in  pieces  as  by  an  earthquake  ;  and 
those  great  portions,  or  fragments,  into  which  it  was  divided^  fell 
down  into  the  abysSj  some  in  one  posture  and  some  in  another. 

This  hypothesis,  the  author  thuiks,  not  only  agrees  with  the  oar- 
ration  of  Moses,  and  answers  the  assertion  of  St.  Peter,  that  the  first 
earth  was  obnoxious  to  a  deluge  from  its  constitutiou,  but  supplies 
all  the  defects  of  other  explications.  The  fall  of  those  prodigious 
fragments  would  raise  a  vast  commotbn  in  the  abyss,  and  throw  its 
waves  to  a  great  height,  which  would,  for  some  time,  overwhelm 
the  mountains,  now  fint  formed,  for,  after  the  first  violent  shock, 
he  imagines  there  were,  occasionally,  some  secondary  ruins,  which 
broke,  and  made  uew  commotions ;  till,  at  length,  when  all  the 
ruius  were  settled  and  fixed,  the  waters  began  to  settle  too,  and  the 
dry  land  to  appear.  Tlius  the  earth  put  on  a  new  form,  and  be- 
came divided  into  sea  and  laud ;  the  greatest  part  of  the  abyss  con- 
stituting our  present  ocean,  and  the  rest  filling  up  tlie  lower  cavities 
of  the  earth,  mountains  and  hills  appeared  on  the  land,  islands  in  the 
sea,  and  rocks  upon  the  shore ;  and  thus  Providence,  at  one  stroke, 
dissolved  the  old  world,  and  made  out  of  its  ruins  a  new  one,  which 
we  now  inhabit. 

But  though  it  be  reasonable  to  believe  the  first  earth  had  its  axis 
mclined  to  the  plane  of  the  ecliptic,  as  well  as  the  present,  and  had 
the  same  vicissitudes  of  seasons;  yet,  allowmg  the  theorist's  suppo- 
sition, of  its  parallel  position,  to  be  true,  it  is  not  conceivable  that 
the  hcut  of  the  sun  would  even  then,  have  had  the  power  he  imagines, 
or  aflfect  the  earth  in  such  a  degree  a$  to  cause  great  cracks  or  fis- 
sures  in  it,  or  to  raise  the  water  under  it  into  vapours,  since  we  find 
no  such  efiects  in  the  hottest  country  or  season  :  nor  is  it  probable 
such  rarefaction,  were  it  possible,  should  be  so  extreme,  as  to  break 
through  an  arch  of  some  hundred  miles  thick.  Besides,  it  is  to  be 
feared,  that,  if  the  action  of  the  sun  was  so  strong,  the  abyss,  tlie 
only  storehouse  of  waters  iu  the  first  earth,  would  have  been  nearly 
exhausted  t  before  the  time  of  the  deluge.     This  account,  also. 


t  Dr.  Kfill  has  made  a  plain  calculation  of  this  matter,  and  concludrB,  that 
vince  none  of  the  antediluvian  rivers,  according  to  this  theorist,  returned  into 
the  abyss  apiin,  it  must  needs  follow,  that,  in  eight  hundred  and  tnelveyean, 
it  would  l>e  quite  empty,  upon  supposition  that  there  were  as  uiauj  riven  ia 
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teems  iiot  very  consonant  to  the  Mosaic  history,  which  describes  a 
gradoal  rise  and  abatement^  and  long*  continuance  of  the  flood,  not 
a  Tiolent  txinsient  shock,  which  would  not  have  laited  many  da^s, 
if  hours ;  not  to  mention  the  little  use  our  author  makes  of  the  rains; 
which  he  supposes,  indeed,  to  have  fallen  throughout  the  earth, 
(though  he  does  not  know  how  that  could  proceed  from  natural 
causes)  and  to  haye  contributed  to  the  dbruption  of  the  abyss,  by 
weakening  the  arch  of  the  earth,  and  stopping  its  pores,  which 
would  make  the  vapours  struggle  the  more  violently ;  and  that  no- 
thing but  a  miracle  could  save  the  ark  in  so  prodigious  a  storm  and 
convulsion  of  nature. 

The  expedient  bf  the  other  learned  theorist  is,  the  trajection  of  a 
comet  \  which,  he  supposes,  passed  so  close  by  the  body  of  the  earth,  ' 
at  the  time  of  the  deluge,  as  to  involve  it  in  its  atmo^ere  and  tail; 
On  which  hypothesis,  he  proceeds  to  account  for  the  deluge  in  this 
manner: 

He  says,  that  when  the  earth  had  passed  through  the  tail  and  at« 
mosphere  of  the  comet,  which  he  supposes  to  consist  of  vapours 
rarefied  and  expanded  in  different  degrees,  and  in  which  it  would 
remain,  on  calculation,  for  about  two  hours,  it  must  have  acquired 
a  large  c}]indrical  column  of  vapours,  whose  basis  was  somewhat 
larger  than  one  of  the  earth's  greatest  circles,  and  whose  altitude 
was  equal  to  the  diameter  of  the  comet's  atmosphere ;  that  these 
vapours  would  be  impeded  from  descending  towards  the  sun,  by 
the  earth's  interposition,  and  attractive  power ;  and  so  would  ficdl 
down,  with  great  violence,  on  its  surface ;  a  great  part  of  which,  be- 
ing in  a  very  rare  and  expanded  condition,  after  their  primary  flill, 

■         ■        '  ■        '        ■» 

the  ptimiiW*  earth  as  are  in  oars ;  bat  as  there  was  then  twice  the  land,  if 
there  were  ao  seas  i  so  there  mast  be  aUowed  twice  as  many  riven  to  water  it  | 
and  l>y  soch  a  doiA»le  qaaatity  the  abyss  woald  be  emptied  in  half  that  time. 

•  That  a  eomet  actoally  appeared  at  the  deloge,  u  attested  by  leveml 
anthors.  Pliny  mentions  one  which  appeared  in  the  rei|pi  of  Typhon,  that  is, 
at  the  flood,  or  immediately  before  it  i  and  speaks  of  the  direful  effects  of  it. 
AjuI  the  above  author  has  endeaToured  to  prove,  that  the  last  most  reaMrkablt' 
comet,  which  was  seen  in  these  parts  in  the  year  1680  (whose  revohition  he 
computes  to  be  in  aboat  576  years,  and  whose  tn^ectory  Sir  Isaac  Newton 
has  delineated),  was  that  very  comet  which  came  by  the  earth  at  the  befinning 
•f  Nooh's  deluge,  and  which  was  the  cause  of  the  same. 
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wfiM  immediately  be  mounted  into  the  air,  and  afterwarda^  oatiNir 
condensation,  descend,  in  violeni  and  incessant  raip^  on  the  tut 
of  Uie  eartb»  and  very  naturally  occasion  tbe  forty  daya  nad  fiMfef 
nights  rain  mentioned  by  Moses. 

That  the  presence  of  this  comet,  as  it  approached' and  eaow  be* 
low  the  moon,  would  cause  a  double  tide,  as  well  in  tbe  seaa  above, 
as  in  tbe  abyss  below ;  that  in  the  seas  would  be  kaa  conaideiabletf 
but  the  other  would  be  vastly  great,  and  produce  mighty  cflbetk 
For  on  the  nearest  approach  of  the  comet,  the  surface  of  the  abysa 
would  put  on  an  elliptic  or  oval,  instead  of  its  former  spherieal 
figure }  and  the  orb  of  earth,  which  rested  on  it,  would  be  ob» 
liged  to  acconunodate  itself  to  that  larg^  oval  surface ;  which  btin| 
iospossible  for  it  to  do  while  it  remained  solid,  it  must  of  necessity 
enlarge  itself,  and  by  the  violent  force  of  the  increasing  surface  of 
the  abyss  be  stretched,  cracked,  and  have  innumerable  fissures  made 
quite  through  it ;  or  rather  the  tide  must  open  and  enlarge  thow 
fissures,  which  were  produced  at  the  conunencement  of  tbe  diund 
rotation.    Thus  would  the  fountains  of  tbe  deep  be  broken  up,  and 
sudkient  gaps  made  for  a  communication  between  the  abyss  bdo*| 
and  the  surface  of  the  earth  above ;  which  was  no  sooner  done,  than 
the  fall  of  the  cometic  waters  began,  and  quickly  covered  tbe  earth, 
and  crowded  the  air  with  vast  quantities  thereof;  which  waters,  be« 
ing  adventitious,  and  of  a  prodigious  weighty  must  press  downwards 
with  a  mighty  force,  and  endeavour  to  sink  the  orb  of  earth  deeper 
into  the  abyss,  according  as  the  enlne  weight  of  each  oohunn  of 
eartb|  and  its  incumbent  water  together^  did  now  require,  agreeably 
to  the  laws  of  hydrostatics ;  which  law9  he  supposes  not  to  have 
been  exactly  complied  with  at  the  earth's  first  subsiding  iaio  the 
abyss ;  otherwise  he  could  scarce  have  expected  any  elevation  of 
the  subterraneous  waters.    But  since  the  lowest  strata  of  the  earth 
were,  according  to  him,  in  a  good  measure  settled  and  consolidated 
together,  before  the  upper  were  all  formed,  the  whole  conpages 
would  archwise  sustain  itself  much  higher  than  the  law  of  qiecific 
gravity  would  otherwise  require ;  and  so  upon  the  disruption  of  tbe 
upper  earthi  its  several  columns,  as  there  was  room,  would  settle 
themselves  lower  than  they  were  at  first ;  and  theur  weight,  aug- 
mented by  the  additional  waters  of  the  comet,  would  squeeae  and 
press  on  the  surface  of  the  abyss ;  which  being  a  fluid  maas,  andia^ 
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I  capable  of  nBtaining  a  pressure  on  one  part>  wkhout  equally  com* 
I  municating  it  to  all  the  rest,  must  burst  out,  wherever  such  pressure 
was  wantiog,  and  throw  itself  up  the  fissures,  through  which  it  would 
ascend  with  a  mighty  force,  and  carry  up  with  it  whatever  was  in  its 
way>  whether  earth  or  water ;  and  thereby  add  to  the  quantity  of 
water  already  on  the  hice  of  the  earth,  and  become  a  fresh  aug* 
Bseotatioa  of  that  deluge  which  began  already  to  overwhelm  and 
destroy  the  inhabitants  thereof. 

The  abatement  and  decrease  of  the  waters  of  the  deluge,  our  au* 
thor  supposes,  was  first  by  a  wind,  which  dried  up  some  ;  and,  se- 
condly, by  their  descent  through  those  breaches  and  fissures  (at 
which  part  of  them  had  ascended)  into  the  bowels  of  the  earth, 
which  received  the  rest.  To  which  latter  also  the  wind,  by  hurry* 
ing  the  waters  up  and  down,  and  so  promoting  their  lighting  into 
the  before-mentioned*  fissures,  was  very  subservient.  The  air,  he 
grants,  could  sustain  a  very  inconsiderable  quantity  in  comparison  of 
the  intire  mass ;  but  as  he  supposes  the  antediluvian  earth,  though 
it  was  not  destitute  of  lesser  sees  and  lakes,  yet  to  have  had  no  great 
ocean,  separating  one  continent  from  another,  and  covering  so  large 
a  portion  of  it,  as  the  present  earth  has ;  he  conceives  the  upper  re- 
gion of  the  earth,  being  generally  dry  and  porous,  and  of  a  great 
thiekness,  was  capable  of  receiving  a  much  greater  quantity  of 
water  than  was  on  the  earth  at  the  time  of  the  deluge. 

To  tliis  theory  objections  have  been  made,  as  well  as  to  the  for* 
mer :  for  though  there  are  some  surprising  co-incidents,  which  make 
it  indeed  probable,  that  a  comet  did  really  come  very  near,  and 
passed  by  the  earth  when  the  deluge  began,  and  might  cause  a  pro* 
digious  tide  in  the  sea,  and  in  the  abyss ;  yet  it  has  been  thought 
somewhat  strahge,  that  the  swelling  of  the  abyss  should  have  such 
an  effect  as  to  make  convenient  fissures  in  the  solid  crust  of  earth 
which  inclosed  it,  without  shattering  its  whole  frame.  Nor  has  the 
theorist's  account  of  dsaining  off"  the  waters  from  the  suHace 
of  the  earth  been  judged  satisfiictory ;  it  being  difiicult  to  conceive, 
that  those  subterraneous  cavities,  which  he  supposes  could  contain 
but  a  small  proportion  of  the  waters  requisite  to  make  the  deluge, 
should  yet  be  capable  of  receiving  the  greatest  part  of  them  whenJt 
was  over.  These  dfficulties,  however,  might  possibly  receive  a  so- 
lutieo ;  but  the  greatest  objection  of  all  is,  that  it  is  fiir  from  being 
clear,  whether  the  atmosphere  of  a  comet  be  a  watery  substance  or 
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no ;  or  ifit  wen,  Hiaf  it  tbould  afibid  tadi  a  vast  quantity  of  vntef 
■s  the  tbeory  Inn  Mcasion  for,  on  die  earth's  bare  passing  tlirougfa 
It.  For  it  b  Mid,  the  obsemtJoni  of  the  mosl  curious  infjuiren 
make  it  not  hnin-obablc,  that  the  circle  abovl  iht-  bodv  of  Dre  comet 
h  nothing  bnt  the  curling  and  winding  round  of  the  smoke,  rising 
at  first  to  a  detenninate  lieight  from  all  parts  of  the  comet,  and  then 
making  off  to  that  part  of  it  uhich  a  opposite  lo  tlic  sun.  And  if 
this  opinion  be  true,  the  earth,,  by  pasting  tlirou^li  the  atniospliere 
of  the  comet,  ran  a  greater  risk  of  aconflagmiion  thnn  a  deluge. 

It  seems,  therefore,  after  all,  that  the  divine  assistance  inust  be 
called  in,  on  this  occasion.  For  though  the  waten,  wluch  covered 
the  earth  at  the  creation,  might  be  sufficient  to  cover  it  again ;  yet 
how  this  should  be  elTected  by  mere  natural  means,  cannot  be  con- 
ceived. The  waters  which  were  suspended  in  llie  cJonds  might,  in> 
deed,  descend  upon  tlie  earlh,  and  that  in  cataracts,  or  spouts  of 
water  (as  the  Sepluagint  iiiierprel  the  window  9  of  heaven),  like  those 
in  the  Indies,  where  the  clouds  frequently,  instead  of  dropping,  fall 
with  a  terrible  violence,  in  a  kind  of  torrent;  and  this  alone  might 
cause  a  ga'nt  inundation  in  the  lower  grounds:  but  as  the  clouds 
could  pour  down  no  more  water  than  they  had,  which  would  soon 
be  exhausted  at  this  rate,  it  seems,  from  t  be  length  of  the  raiu's  cod- 
tinuance,  that  liie  showers  were  rather  moderate  and  gradual.  The 
subterraneous  stores  would  all'ord  a  much  more  plentiful  supply  to 
complete  the  deluge,  and  probably  contain  more  water  than  enough 
(o  drown  the  world,  to  a  greater  height  than  Moses  relates*;  tlie 
only  difficulty  is,  to  draw  ii  out  of  the  abyss  on  the  surface  of  the 
earth.  And  here,  since  we  can  assign  no  natural  canse,  we  appre- 
hend we  may,  not  unphilosophically,  resolve  it  into  the  dirine  power. 
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which  might,  cm  thii  occasioii,  «o  tut  oontroiil  (no  gretter  a  miiadc 
Ihan  that  of  continaiug)  the  usual  coone  oimtam,  as  to  effect  iti 
purpose.  Andy  indeed,  the  event  was  «o  extraordinary,  ind  the 
4ronse<2uence8  thereof  so  considerable,  that  it  is  fery  reasonable  to 
believe  God  did,  in  an  especial  manner,  interpose  therein*  The 
Stoics,  who  supposed  alternate  destructions  of  the  earth  by  fire  and 
water,  made  do  doubt  of  the  possibility  of  a  general  deluge.  **  There 
are  vast  lakes/'  says  Seneca,  **  which  we  do  not  see ;  great  part  of 
the  sea  lies  hidden  and  concealed,  and  many  rivers  glide  in  secret ; 
so  that  there  may  be  causes  of  a  deluge  on  all  sides,  v?heu  sdme 
Dvatejrs  flow  in  under  the  earth,  others  flow  round  about  it,  and  be- 
ing long  pent  up  overwhelm  it ;  and  as  our  bodies  sometimes  disi- 
^Ive  into  sweat,  so  the  earth  shall  melt,  and  without  the  help  of 
other  causes,  shall  find  in  itself  what  shall  drown  it ;  there  being  in 
Jill  places,  both  openly  and  secretly,  both  from  above,  and  from  bey 
;ieath,  an  eruption  of  waters,  ready  to  overflow  and  destroy  it.'* 

[Ancient  Uhiuersal  History p  Vol.  I»] 
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xilTTER  so  many  conjectures,  as  have  been  already  fprpned  con- 
ceming  the  cause  of  the  universal  deluge,  it  may  perhaps  appear 
jK>th  impfcrtment  to  attempt  a  uew  soUition,  and  also  useless,  as 
theories  fopned  on  muere  hypotli^sis  are  always  uncertain,  and  little 
to  be  depended  upon.  But  if  we  gjve  them  no  more  weight  than 
they  deserve,  and,  considering  them  only  as  small  steps  towards  the 
investigation  of  truth,  do  not  desire  any  further  assent  to  our  con- 
idlisions  than  the  probability  on  which  they  are  founded  deo^nds, 
cvjen  such  kind  of  enipiiries  inay  be  of  seryjce,  and  open  a  doof  to 
qew  discoveries. 

Where  we  cannot  arrive  at  demonstration,  we  must  be  content 
Yrith  probability.    Our  despair  of  attaining  the  on^  ought  oof  }a 
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■nkc  M  nefkct  tbt  otlwr.  Aid  with  r^gird  to  tfaii  remufailib 
tftBt,  the  uirivecsal  deluge,  every  degne  of  probobility,  even  Hii 
MDaUeflty  that  appean  iu  an  attempt  to  acoount.for  it  pbaoeopkb 
cally»  has  its  use ;  as  it  tends  to  remove  those  objectioiis  tfa«t  an 
made  to  the  truth  of  the  fiict,  by  persons  who  may  not  thaik  the 
mere  relation  of  it  m  the  Mosaic  writings  a  sudident  proof  of  As 
reality  of  it ;  or  who  may  he  led,  from  the  difficulty  there  appean. 
in  accounting  for  such  an  events  to  doubt  of  ibt  authority  of  dbina 
sacred  books* 

Many  ingenious  hypotheses  have  been  ataready  formed  on  tins  aoib* 
ject ;  but  they  all  seem  liable  to  most  msuperable  objections ;  and 
therefore  I  make  no  scruple  to  venture  another  mto  the  woiML 
which  appears  to  me  free  from  such  dificolties  as  they  are  iavolvad 
in,  and  more  simple.  I  am  willing,  however,  it  should  foil  to  the 
ground,  as  soon  as  there  appear  any  reasonable  and  weighty  ol^e^ 
tions  to  it.  I  only  wish  that  the  hinti  contained  in  this  paper  msf 
he  a  means  of  leading  some  person  of  greater  abilities  to  a  men 
perfect  discovery ;  and  that  it  may  always  be  remembered,  that  tbe 
fossil  shells  found  in  all  parts  of  the  earth,  are  a  sufficient  proof  of 
the  truth  of  its  having  been  at  some  time  or  other  entirely  covered 
with  water,  however  fallible  any  attempt  to  account  for  die  deluge 
may  be. 

Dr.  Burnet,  in  his  theory,  has  given  sach  an  account  of  the  de- 
luge, as  Dr.  Keill  has  shown  to  be  very  unprobable  and  nuphiloso- 
phical.  He  liaA  first  destolied  the  primeval  earth  so  as  to  divest  it 
of  ail  beauty  and  elegance,  and  then  has  ascribed  the  deluge  to  such 
causes,  as  are  not  only  somewhat  inconsistent  with  that  p^rt  of  his 
theory,  where  he  supposes  the  earth  to  be  well  watered  and  mohu 
ened  with  dew ;  but  are  also  insufficient  to  account  for  the  waters 
flowing  over  the  tops  of  the  mountains;  since  on  the  breaking  of  his 
imaginary  shell,  it  is  impossible  to  suppose  that  the  waters  of  tbe 
abyss,  even  on  such  a  concussion,  should  flow  np  high  enough  upon 
those  parts  that  were  left  elevated,  so  as  to  cover  the  mountains  that 
now  subsist. 

Mr.  Whiston  has  called  in  the  assistance  of  another  planetary 
body  ;  and  has  supposed  the  tail  of  a  cornel  to  be  so  greatly  coo* 
densed  as  to  afford  a  quantity  of  water  sufficient  for  thb  pnipoie. 
But,  .besides  the  inconsistency  of  this  theory  with  that  of  giavita- 
tion*it  is  no  len  difficult,  accordmg  to  his  hypothesis^  to  get  rid  of 
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the  water  with  which  the  earUi  was  covered  thaD  it  i^  accoiding  to 
others,  to  find  a  sufficieDt  quantity. 

Mr.  Ray  has  accounted  for  this  amating  event,  by  supposing  a 
change  to  have  happened  io  the  centre  of  gravity  of  the  earth.  But 
how  to  find  a  cause  for  such  a  change  in  the  centre  of  gravity,  and 
I  ibr  a  restoration  of  it  to  the^me  place  again,  is  more  difficult,  and 
.  the  supposition  of  it  more  inconsistent  with  our  philosophical  ideas, 
^    tiian  any  other  hypothesis  whatever. 

Such  have  been  some  of  the  principal  theories  hitherto  advanced, 
and  far  be  it  from  me  to  presume  that  mine  may  not  in  the  end  be 
found  equally  fallible ;  but  it  appears  to  me  at  present  to  be  more 
plain  and  cons'isteut,  and  at  the  same  time  is  free  from  that  great 
difficulty  which  has  perplexed  all  the  rest,  and  is  indeed  the  most 
impoHant  difficuKy  in  the  enquiry,  that  is,  the  accounting  for  a  suf> 
$dent  quantity  of  water. 

We  find  in  the  Mosaic  history  of  the  creation,  that  God  at  the 
first  created  sea  as  well  as  laud ;  and  therefore  have  grounds  to  be* 
lieve  both  from  thence,  and  from  the  reason  of  things,  that  there 
was  as  great  a  quantity  of  sea  on  the  antediluvian  earthy  as  there  b 
now  upon  the  earth  in  its  present  state. 

We  find  also  the  whole  surface  of  the  earth  to  be  undermined  by 
subterraneous  fires,  which  make  their  appearance  in  various  places, 
in  very  formidable  volcanoes.  This  has  been  the  case  in  Italy,  and 
^imongst  the  Azores,  in  Tartary,  in  Kamtschatca,  in  South  America, 
in  Ireland,  iq  the  islands  of  the  East  Indies,  and  in  other  parts ;  and 
we  have  reason  to  believe  that  these  subterraneous  fires  have  made 
eruptions,  not  unfrequently,  even  in  the  bottom  of  tlie  sea ;  as  Mr. 
Mitchell  has  made  appear  in  his  excellent  paper  concerning  the 
Pluses  of  earthquakes.* 

W«  have  also,  in  the  Philosophical  Transactions,  an  account  of 
entire  islands  being  raised  in  the  Archipelago,  and  likewise  amongst 
the  Azores,  by  snch  subterraneous  firesf  ;  and  Mr.  Ray,  in  his  Tra« 
vels,  mentions  a  mountain  one  hundred  feet  high,  raised  by  the  earth- 
quake in  153l8,  which  also  threw  up  so  much  earth,  stones,  and 
luhes,  as  quite  filled  up  the  Lacus  Lucrinus  ). 

■■  m  ■  '  ■       .  ■  I. 

•  Philos.  Tr^s.  Voh  LI.  Part  11.  p.  566. 

f  PhUot.  Trans.  No.  372,  or  Barnes's  Abr.  Vol.  VI,  P«f  ( II.  ju  €08,  aB4 
;roDefl*B  Abr.  Vol.  V.  Part  II.  p.  196. 
f  Bay*t  Travelsi  old  ediUoD,  p.  873. 
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.  To  iHucb  any  be  added*  Ibat  foial  ibeUe  and  jother  mairiiie  W 
diet  are  lo  unirenally  found  in  all  parts  of  the  present  contma 
and  islandf,  as  to  amoont  almoet  to  a  demomtrmtiont  thnt  all  At 
now  dry  land  was  once  covered  with  sea*  and  that  for  a  eontidetayi 
•pace  of  time,  probably  much  lon^  than  the  continoaiiee  of  tbi 
deliige  b  related  to  havi^  been.  Forlhough  such  a  notent  flux  of 
waten  might  have  thrown  up  some  shells  and  marine  bodies  upon 
the  hilb  and  mountains,  yet  it  could  not  have  flung  op  sacfc  vast 
.quantities  nor  so  universally.  The  prodigious  beds  of  sheOs  which 
we  now  find  in  all  parts  cannot  well  be  accounted  for,  bat  by  sop* 
posing'tbe  waters^  in  whicli  those  sbell-fish  liied,  lo  have  eovered  the 
countries  where  they  are  now  found,  for  a  long  time,  and  even  for 
agck 

.  The  supposition,  therefore,  which  I  fern  about  to  advance,  found- 
ed on  these  focts,  is  this :  tliat  origmaDy  Alm%hly  God  created  this 
earth  with  sea  and  land  neariy  in  the  same  proportiOB  as  they  now 
remain,  and  that  it  continued  m  that  state  for  many  ages,  duriiy 
which  the  bottom  of  the  sea  became  covered  with  shells  and  vari- 
ous heterogeneous  bodies ;  that  from  the  first  of  its  creation  there 
were  also  many  subterraneous  fires  found  within  the  bowels  of  the 
earth ;  and  that>  at  the  appomted  time,  these  fires  buistiBg  toitk  at 
once  with  great  violence,  under  the  sea%  raised  up  the  bottom  of 
the  ocean,  so  as  to  pour  out  the  waters  over  the  foce  of  what  was 
before  diy  land,  which  by  that  means  became  sea,  and  has  perhaps 
cootmued  so  ever  since,  as  that  which  was  before  the  flood  the  bot* 
tom  of  the  sea,  probably  firom  that  time  has  continued  to  be  conti- 
nent and  dry  land  f  • 

*  llr.  Mitchell  Ims  ibewD,  in  bit  paper  on  the  cavei  tf  cwrthqaakes,  tbmt 
•och  fiibterraiieoiB  fires  are  at  all  timet  very  liable  to  aake  ervptiom  viider 
the  tea,  and  that  when  they  do  lo,  the  earthquake!  coineqaeiK  vpon  such 
eruption  are  nore  eztensiYe  than  any  whatever. 

f  I  do  not  mean  by  this  to  iminnate  that  all  that  part  of  the  globe  which  ii 
BOW  tea  ifai  diy  land  before  the  flood  s  or  that  the  aatedilarian  ocean  wai 
merely  of  the  extent  of  our  present  continent.  I  apprehend,  on  the  contrary, 
that  there  was  always  a  pneater  proportion  of  water  on  the  fiKc  of  the  earth 
than  of  continent ;  and  I  would  only  be  understood  to  mean,  that  aU  that  wMch 
was  dry  land  before  the  flood  it  now  buried  under  the  tea,  wliiitt  that  which 
was  a  part  of  the  bottom  of  the  antediluTian  ocean  fomis  our  pretent*  land ; 
•nd  that  consequently  some  part  of  the  ocean  was  tea  both  io  the  antcdUirhM 
cifthaad  la  the  present  state  of  it,  aadcoouBMi  toboth. 
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■  This  hypothesis  may  periiaps  be  liable  to  great  objections ;  but  it 
is  at  least  consistent  with  what  Moses  relates  of  the  fountains  of  the 
great  deep  being  broken  up  ;  and^  without  any  perplexity  or  diffi- 
culty, accounts  at  once  for  a  sufficient  quantity  of  watef  to  cover  the 
tops  of  the  h^hest  antediluvian  mountains^  even  supposing  they 
were  left  standing ;  though  it  is  not  improbable  that  they  might 
be  thrown  down  by  means  of  the  same  earthquake.  If  they  were 
left  standing,  some  of  them  might  (on  the  retreat  of  the  waters  from 
their  tops  after  the  first  concussion)  form  some  of  the  islands  that 
now  subsbt. 

1  must  also  add,  that  this  hypothesis  is  perfectly  consistent  with, 
and  perhaps  in  some  measure  accounts  for,  that  singular  position  of 
the  strata  of  coals^  ores,  and  various  kinds  of  earths  (mentioned  in 
Mr,  Mitcheirs  paper),  which  are  found  always  sloping  from  poun* 
tainous  countries,  and  higher  grounds,  towards  the  bottom  of  the 
sea ;  so  that  what  is  nearest  the  surface  of  the  earth  in  mountains 
and  high  countries  lies  deepest  in  low  lands  and  under  the  sea. 

It  is,  besides,  somewhat  confirmed  by  that  singular  observation  of 
Dr.  Haiselquist*8,  in  his  travels,  p.  33,  where,  speaking  of  Natolia  and 
the  eastern  countries  in  general,  he  says,"  In  no  place  was  it  moreevi« 
dent  that  the  .continent  we  call  earth,  was  in  the  beginning  the  hot- 
torn  of  the  sea."  Ulloa  also  informs  us-,  that  the  same  thing  is  evi* 
dent  in  the  whole  country  of  Voiles  in  South  America  * :  and  Norden 
tells  us,  that  the  rocks  in  Egypt  bear  evident  marks  of  having  been 
washed  by  the  sea  f. 

These  are  the  reasons  which  induce  me  to  venture  upon  this  sup- 
position; and  now  I  will  just  consider  one  or  two  objections,  that 
appear  to  me  amongst  the  most  material  which  may  be  made  to 
what  I  have  advanced. 

It  may  perhaps  be  said,  that  we  read  I  *'  of  the  waters  returning 
from  off  the  earth,  and  of  their  being  abated  at  the  end  of  the  hun- 
dred and  fifty  days :  and  also  of  the  waters  decreasing  continually 
till  the  tenth  month ;  and  of  the  tops  of  the  mountains  being  then 
seen.**  And  it  may  be  objected^  that  we  ought  from  thence  to  con- 
dude,  that  the  waters  of  the  deluge,  having  covered  what  was  before 

•  UlUn't  Voyage  (o  South  America,  Vol.  II.  p.  99. 
t  Norden*!  Tniveb,  Vol.  II.  p.  81. 
f  Geoeiif^  cb.  ? iii. 
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dry  gktmndy  afterwards  retreated^  and  left  tlie  very  same  hiDa  tmi 
bud  dry  again.  ^ 

But  tbls  conclosiofl  n  by  no  means  neeessaiy ;  for  all  that  can  ba 
ittferped  from  what  we  find  m  Genesis  concerning  the  decrease  of  the 
waters,  is,  that  they  gradually  subsided  ifrom  off  the  face  of  what  ii 
sow  continent  and  dry  land,  as  of  course  Ihey  wonid  do  on  the  ele* 
nation  of  it,  agreeable  to  the  foregoing  hypothesis.  And  indeed,  if 
the  deluge  was  effected  in  the  way  here  supposed^  we  can  dsaa  gire 
a  rational  and  easy  account  how  all  the  water  came  to  dMa  offlho 
the  ground,  and  to  leave  it  dry  so  soon  as  u  recorded :  wUdi  other* 
wise  is  a  drcumstance  in  this  pieoe  of  history  Tery  perplexing.  It  is 
evident^  that  such  a  violent  earthquake,  or  bursting  forth  of  the  sub* 
terraneous  iirey  as  is  here  supposed  to  have  raised  the  bottom  of  the 
then  sea  (the  present  continents)  at  once  as  high  or  higher  than 
what  was  before  dry  land,  must  in  a  tery  short  time  ha?e  drowned 
and  overwhelmed  the  antediluvian  earth,  by  pouring  out  the  waters 
upon  it ;  and  it  h  also  evident,  that  fbr  some  thae  the  bottom  of  the 
sea,  so  raised,  would  continue  covered  vrHh  the  waten,  which,  till 
the  vast  agitation  into  which  they  were  ffau^  snbsided,  would  coih 
tinue  flowing  backwards  and  forwards.  Bat,  by  degrees,  and  veiy, 
easily  within  the  time  mentioned  in  Scripture,  the  water  wooU  draid 
off  from  all  the  higher  parts,  and  leave  the  new  land  quite  dry,  and 
m  the  state  we  now  find  it,  with  strata  of  shells^  and  sand,  and  stones, 
and  other  bodies,  lying  just  as  the  sea  had  by  accident  many  ages 
« before  placed  them.  Whereas,  were  the  deluge  occasioned  only  by 
an  addition  of  water  sufficient  to  raise  the  surftce  of  the  sea  higher 
than  the  land  and  mountains,  in  that  case,  it  is  impossible  to  imagine 
any  means,  at  all  consistent  with  the  course  and  laws  of  nature,  by 
which  such  an  immense  body  of  water  could  be  evaporated  or  con- 
veyed away  in  so  short  a  space  of  time.  And  besides,  an  that  case, 
the  shells,  &c.  flung  upon  the  land  by  the  concussion  of  the  waters, 
and  subsiding  there  withm  so  short  a  space  of  time,  would  rather  he 
found  lying  according  to  their  specific  gravities :  a  fact  which  Dr. 
Woodward  supposed  certain,  but  which  is  by  no  means  true*  Nor 
Ittdeed,  according  to  the  conjectures  here  advanced,  is  it  stall  ne- 
cessary chat  it  should  be  so.  For,  as  I  imagme  the  shells  and  oth^r 
marine  bodies,  which  are  now  found  on  various  parts  of  thfi  diy  land, 
to  have  been  placed  there  gradually  during  a  succession  of  ago^ 
whilst  it  was  the  bottom  of  the  sea ;   it  wOl  follow,  that  they  mutt 
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be  found  just  as  the  sea,  by  its  washings  and  motion,  laid  thein: 
which  would  of  course  first  wash  many  of  them  together,  and  then 
wash  grayel,  or  sand,  or  clay,  or  other  substances  over  them  ;  after 
which,  more  shells  or  other  bodies  would  be  deposited,  and  then 
more  stones  or  gravel,  &c.  according  to  the  nature  of  the  soil.  In 
short,  whatever  was  specifically  heavier  than  water,  would  (after  its 
removal  by  any  agitation)  soon  subside,  and  remain  fixed,  whether 
the  substances  underneath  it  were  specifically  heavier  than  itself  or 
no :  it  is  sufficient  that  they  were  but  all  specifically  heavier  than 
the  water. 

We  find  to  this  day  great  changes  are  continually  making,  withUi 
the  memory  of  man,  both  on  the  face  of  the  earth,  in  the  shores,  and 
in  the  bottom  of  the  sea,  even  in  those  small  parts  of  it  that  we  are 
acquainted  with ;  and  such  changes  must  also  have  happened  before 
the  flood,  and  might  very  probably  produce  that  situation  of  shells, 
&c.  so  different  from  what  might  be  expected  from  their  specific 
weights. 

Another  objection  may  perhaps  be  made  by  saying,  if  all  the  an- 
tediluvian earth  was  at  once  overwhelmed,  and  of  course  all  its 
plants  with  it,  whence  came  it  to  pass,  that  the  now  dry  land  was  so 
soon  covered  with  vegetables  and  herbage  of  all  kinds  ?  To  this  I 
answer,  in  the  first  place,  that  the  difiicolty  is  just  the  same,  whether 
we  suppose  the  bottom  of  the  antediluvian  sea  to  be  the  present 
continents,  or  whether  we  suppose  the  face  of  the  earth  to  have  re« 
mained  the  very  same ;  since,  by  the  waters  of  the  deluge,  all  plants, 
trees,  and  vegetables,  must  in  both  cases  equally  have  been  destroy- 
ed ;  and  nothing  could  well  remain,  except  some  of  their  shoots  and 
seeds ;  which  might  just  as  well  take  root  on  the  new  continent,  on 
the  subsiding  of  the  waters,  as  on  the  old.  And  in  the  next  place,  I 
answer,  that  there  are  not  a  few  instances  (as  is  shown  hi  Stilling, 
fleet's  Tracts*]  of  barren  rocks  and  plains  becoming  by  degrees  well 
covered  with  verdure,  though  very  remote  from  any  places  that 
might  apparently  furnish  seeds.  They  have  first  borne  a  kind  of 
moss,  and  afterwards  other  plants  of  an  higher  order  (the  seeds  be- 
ing brought  there  by  accideut^  and  by  the  various  and  admirable 
means  of  conveyance,  which  the  Creator  has  given  them),  till  at  last 

*  StilliDgfleet's  Tracts,  p.  78,  and  also  p.  45,  where  an  instance  is  prodoced 
much  to  the  purpose,  of  manbet  becoming  by  degrees  fine  meadows. 
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th^  tanre  been  covered  with  ridi.venlair*  To  wUdi  maj  be  added 
a  f«rj  estiaoidinary  hict,  now  well  kiMni,  namely,  thai  if  a  piece 
of  ground  which  has  not  been  cultivated  be  tonied  npb  and  the  dodi 
lobteoed,  it  will  very  aoon  produce  a  variety  of  p^intB,  aooM  of 
which  were  never  known  to  grow  there  before,  We  find  that  0B9 
acorn  b  sufficient  to  produce  a  for^t,  and  it  is  by  no  means  to  be 
supposed  (let  the  deluge  have  happened  how  it  would)  tfaat«  inmo' 
diatcly  after  it,  the  earth  was  as  well  clothed  with  verduie,  as  if  has 
become  since.  Probably  it  was  for  a  time  m  geiieral  very  barreq^ 
except  such  parts  as  Noah  and  his  sons  cultivated,  with  seeds  which 
tl^  |iad  preserved  m  the  ark. 

^  to  the  leaf  which  the  dove  brought  in  ^  that  might  be  found 
pn  spase  plant  which  had  tuHen  frfsh  root  immediately  00  the  sub- 
siding of  the  waters,  or  it  is  not  impotfrible  but  the  top  of  some  an> 
tediluviaa  mountain,  having  been  but  sl^tly  covered,  might  on  the 
ceasing-of  the  first  concussion  (as  I  before  observed)  remain  in  the 
state  of  an  island,  elevated  above  the  sur&ce  of  the  sca« 

1  apprehend,  no  objection  of  any  weight  can  arise  from  the  de- 
Kription  of  paradise  in  Scripture,  nor  from  its  being  said  that  the 
ark  rested  00  the  mountains  of  Ararat :  smce,  whether  the  cooti* 
nent  was  changed  or  no»  there  is  no  place  now  remainiiig  that  an^ 
swers  the  dcKription  of  the  former  ;  nor  is  there  any  tbmg  smd 
about  the  latter  that  should  lead  us  to  cpndude  there  ever  was  sqdi 
a  mountain  as  Ararat  before  the  flood. 

But»  leaving  these  objections  fjfom  the  words  of  Scripture,  and  the 
history  of  the  deluge ;  another  may  perhaps  arise,  from  this  cir- 
cumstance, that  shelb  are  found  in  various  parts  of  the  earth,  which 
are  evidently  not  the  shells  peculiar  to  the  seas  acyoining^  but  such 
as  belong  to  a  difierent  climate.  Tbb  fact  at  first  certainly  seefps 
to  contradict  what  I  have  advanced :  and  yet,  when  well  pothered, 
it  will  perhaps  rather  be  found  to  confirm  my  hypothesis.  For  let 
any  one  but  look  on  a  terrestrial  globe,  and  he  will  instantly  se^ 
that  the  present  continents  are  evidently  not  in  the  same  climates  a^ 
the  present  seas ;  and  therefore,  though  the  shells  found  in  many 
places  of  the  earth  are  not  found  in  the  neighbouring  parts  of  the 
ocean ;  yet,  when  those  parts  of  the  earth  were  ocean,  they  might 
have  had  a  very  proper  climate  and  situation  there.    Thus,  for  in- 

•  GenctifyTiii.il. 
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stanoe,  we  may  observe  that  the  Meditemneaii  is  io  a  more  soathera 
climate  than  the  neighbouring  continent  of  Europe,  aed  in  a  more 
northern  climate  than  that  of  Africa.  And  the  whole  continent  of 
Asia  i$  in  a  clinuite  much  more  northeni|  than  the  neighbouring  In* 
dian  ocean. 

Butt  if  this  solution  of  the  difficulty  is  not  thought  sufficient,  it 
may  be  added,  that  so  great  a  concussion,  and  such  a  change  in  the 
figure  of  the  earth,  as  must  have  happened  from  the  subterraneous 
fires  elevating  so  many  parts  higher  than  they  were  before*  might 
possibly  affect  the  gravitation  of  the  parts  of  the  globe  of  the  earth, 
and  cause  it  to  revolve  round  a  different  axis  after  the  flood ;  whence 
there  would  undoubtedly  arise  a  change  of  climate  in  all  parts,  suf- 
ficient  to  account  for  the  prejent  situation  of  shells,  in  places  so 
foreign  to  tile  climates  where  shell-fish  of  the  same  spedes  are  now 
found.  And  as  I  have  before  observed  with  regard  to  seeds,  so  it 
may  also  be  observed  with  regard  to  shell  fish,  that  the  conveyance 
of  a  very  few  of  each  sort  (by  the  flux  of  water)  to  the  beds  proper 
for  them,  would  be  sufficient  to  preserve  all  the  various  kinds,  and 
to  cause  them  now  to  be  found  in  such  numbers,  in  those  parts  of  the 
ocean  that  are  best  adapted  to  each  peculiar  class. 

Another  thing  proper  to  be  taken  notice  of,  is  the  horns  and 
bones  of  terrestrial  animals  being  found  in  the  earth*  together  with 
fossil  shells;  which  seems  to  contradict  the  supposition  of  the  pre- 
sent continent^  having  been  originally  the  bottom  of  the  sea.  But 
with  regard  to  this,  I  must  beg  leave  to  observe,  that  probably  some 
of  those  bones  have  been  deposited  there  smce  the  flood,  and  have 
been  covered  by  an  addition  of  earth,  as  has  happened  also  to  some 
of  the  trees  and  woods  that  were  cut  down  in  this  island  by  the 
Ronuins.  And,  as  to  the  rest,  it  cannot  be  supposed,  but  that  on  the 
first  great  eruption,  which  poured  the  waters  of  the  ocean  upon  the 
dry  land*  there  roust  have  been  a  violent  agitation  for  some  time,  by 
their  flowing  backward  and  forward ;  during  which  interval,  the 
bodies  of  many  terrestrial  animals  (floating  on  the  water)  would  be 
washed  to  diflferent  parts  of  the  new-raised  continent*  and  be  left 
there  as  the  water  subsided. 

Some  little  objection  perhaps  may  arise,  from  its  being  observed 
that  the  sea  at  present  covers  a  much  greater  part  of  the  globe  than 
the  dry  land  does. 

But  I  apprehend  this  was  also  the  case  before  the  flood ;  and  It 
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may  eoily  be  concetftd^  thai  some  pait  of  thei  bottom  of  the  ante* 
dikiviaa  ocean  might  be  flung  in  the  mimier  supposed  in  this  paper, 
and  not  the  whole ;  and  that  the  bottom  of  the  present  ocean  con* 
sists  not  only  of  what  was  before  the  flood  dry  landj  but  also  of 
some  part  of  what  was»  even  from  the  beginnings  the  bottom  of 
thesea. 

I  will  theref9re  only  just  add,  that  probably  the  same  subterra* 
neous  fires  (which  originally  raised  the  continents  and  islands  that 
BOW  appear^  and  have  ever  unce  been  making  great  changes  in  the 
bowels  of  the  earth,  and  producing  those  tremendous  earthquakes^ 
which  have  happened  from  time  to  time)  may  in  the  end  breidi  forth 
with  redoubled  violence,  and  destroy  it,  in  the  manner  foretold  in 
Scriptttie. 

It  may  not  be  amiss  to  add,  in  confirmation  of  the  forsgoiog  hypo* 
thesis,  that  the  beds  of  shells,  discovered  in  chalk-pirs,  graveJ-pits, 
and  other  places,  consbt  generally  of  one  or  two,  or  at  most  of  a 
wy  few  fUfieient  sorts  in  each  parlicnlar  place,  as  they  would  of 
course  do  upon  a  supposition  that  those  respective  beds  were 
formerly  at  the  bottom  of  the  sea,  in  the  several  places  where  those 
different  kind  of  shell*fish  lived  and  bred ;  and  that  they  were  fi-om 
thence,  together  with  the  bottom  of  the  antediluvian  ocean,  raised 
up  by  the  force  of  subterranean  fires :  for  we  may  observe  in  the 
present  Mas,  that  one  species  of  sbell-fish  take  up  their  habitation  in 
one  place,  whilst  those  of  a  different  species  are  found  in  some 
other ;  and  that  numbers  of  the  same  kind,  as  for  instance  cockles^ 
or  oysters,  ar^  generally  found  on  the  same  banks.  The  present 
appearance  of  fossil  shells,  therefore,  does  at  least  in  this  respect 
seem  consistent  with  the  conjectures  here  advanced  :  whereas,  upon 
a  supposition  that  these  fossil  shells  were  carried  to  their  respective 
places,  at  the  time  of  the  flood,  merely  by  the  torrent  of  water  that 
then  flowed  to  and  fro,  they  ought  rather  to  be  found  mixed  pro* 
miscuously  together;  and  not  those  of  one  species  in  one  place; 
and  those  of  a  different  species  in  another.  And  I  beg  leave  here 
to  mention,  that,  since  the  writing  of  the  foregoing  paper,  I  find  an 
hypothesis  somewhat  similar  to  what  is  here  advanced  was  adopted 
by  Lazzaro  Moro,  a  Venetian  author,  who  asserts  that  the  continents 
were  originally  raised  by  subterranean  fires ;  but  he  considers  this 
merely  as  the  cause  of  their  first  and  original  formation,  and  not  as 
having  occasioned  the  deluge^  nor  as  having  happened  at  that 
tune-  [Pm  Tram.  yolLYlL] 
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CHAP.  IV. 

» 

'  Om  THB  CAUSE  AND  NATURE  OF  THE  INEQUALITIES  TUAT 
DIVEBSIFT  THE  SURFACE  OF  THE  EARTH. 

!■  a  Letter  addrenedl  to4)ir  HimPBmT  Datt,  by  WituAit  Richaeosov,  D.  D. 


Sir, 

X  RRQUE8T  jou  Will  be  90  good  89  to  lay  before  the  Rojal  Society 
the  following  Observations  on  the  Natural  History  of  that  part  of 
Antrim,  (cootignons  to  the  Giant's  Causeway,)  which  you  and  I  ex* 
amined  90  carefully  together.  I  know  not  any  country  that  deserves 
so  well  to  have  its  facts  faithfully  recorded  $  froia  the  important 
condusknis  to  which  they  lealL  ^ 

The  bagaltic  area  (taken,  t*  its  whole  extent)  comprehends  the 
greater  part  of  Antrim,  and  the  east  side  of  Deny,  to  a  considerable 
depth. 

In  a  geological  pouit  of  view,  Nature  ^  has  been  very  kind  to  this 
district ;  for  not  content  with  assembling  together  in  a  small  space  so 
many  of  her  carious  productions,  and  arranging  them  with  more 
regularity  and  steadiness  than  in  any  other  country  described,  she 
has  condescended  occasionally  to  withdraw  the  veil,  and  lay  herself 
open  to  view,  often  exhibiting  a  spectacle  equally  gratifying  to  the 
admirer  of  magnificence,  and  to  the  curious  naturalist,  who  can  here 
by  simple  inspection,  trace  the  arrangements  which  are  to  be 
discovered  elsewhere,  only  by  penetrating  beneath  the  surface  of  the 
earth.   ' 

As  sOon  as  we  enter  tlie  basaltic  area,  we  begin  to  perceive  traces 
of  these  arrangements ;  as  we  advance  farther  north,  they  increase ; 
and  in  the  tract  near  the  shore,  and  especially  at  the  island  of 
RaihSn,  which  seems  to  have  come  fresher  from  the  hand  of  Nature 
than  the  rest  of  our  area ;  the  stratification  of  the  whole  is  perfectly 


*  By  the  word  nature,  which  frequently  occunhi  tlie  coune  of  thii  Memoir, 
I  alwayi  aefto,  according  to  Rat's  dtiaitioOy  Ibe  wisdom  of  God  in  Iko 
oreaUoB  of  the  worid* 
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Tisibkt  ind  the  nature  of&e  terenl  tifgfM,  bad  open  to  u  at  thm 
ibnipt  and  predpitoui  terminationt*    V" 

To  the  southward  we  perceive  the  dntiaetive  fimtorei  abati^  mi 
wear  away;  the  basaltic  stiatificatioa  mdeed  renaniSy  bnt'ii  no 
longrr  dis|i)ayed  to  ut  in  the  same  manner;  the  neat»  ptfaaMtie^ 
internal  construction,  of  the  strata,  which  occurs  so  tfeqiwlily 
on,  and  near,  the  coast,  b  scared j  to  be  net  with  at^  a  distanoe 
ftom  it ;  a  rude  columnar  appearance  is  all  we  fiud,  and  that  baf 

mrely* 
It  M  at  the  periphery  of  our  areay  and  especiaUy  at  ito-  noithem 

side,  that  every  thmg  is  displayed  to  the  greatest  advantq^;  here 
we  have  perpendicular  b^es  often  continuous  for  miks^  and  evaiy 
separate  stratum  completely  open  to  examinatioB. 

Of  these  facades,  four  are  more  distinguished  by  their  grandeur 
and  beauty  than  the  rest,  Magill^gan  RpAf  Cave  Hdl,  Bengore,  and 
Fairhead. 

The  two  former  are  at  the  extreuifl^DiBti  of  the  north-west  diagor 
nal  of  ourarea,  and  nearly  forty  nii|^ arander ;  they  are  at  the 
sunuaits  of  mountains,  and  accessible  by  land. 

The  precipitous  faces  of  Fairliead%ml  Bengore,  to  which  I  had 
the  pleasure  of  attending  you,  and  which  are  visible  only  from  the 
sea,  are  the  most  beautiful,  and  the  most  curious ;  for  the  strata, 
which  at  Magilligan  and  Cave  Hill,  are  all  nearly  similar,  at  Fair- 
head  and  Bengore  are  much  diversified.  Of  Fairhead  I  have 
already  published  an  account  in  Nichobon's  Journal,  for  December 
ISOi,  and  I  now  propose  to  execute  an  intention  which  I  have  had 
for  some  years  of  giving  a  minute  account  of  Bengore. 

I  am  aware  that  it  will  be  extremely  difficult  to  convey  a  clear 
and  adequate  idea  of  an  assemblage  of  l6  strata,  (for  such  b  the 
number  of  which  our  promontory , is,  composed),  appearing  and  dis- 
appearing at  various  altitudes,  yet  retaining  each  its  own  proper 
(dace,  and  forming  together  a  most  beautiful  and  regular  whokj 
thoQgh  never  considered  as  such  before. 

But  as  I  have  the  aid  of  very  correct  views  of  the  most  important 
parts  of  tlie  facade,  to  the  accuracy  and  fidelity  of  which  I  have 
already  obtained  your  testimony— 1  shall  venture  to  proceed,  for  I 
am  anxious  to  bring  into  notice  the  most  complete  exposure  of  the 
internal  structure  of  a  dbtrict,  that  I  have  seen  or  read  of ;  aa 
there  b  little  likelihood  that  any  other  person  will  enjoy  tha 
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eppoTtunities  which  I  h«ve.  kad  for  so  many  yean,  of  exploriog 
tills  mteresliag  part  of  oar  coast,  through  a  tuthulent  sea  and 
rapid  tides. 

Description  of  the  Promontory  of  Ben^ore,  and  its 

Stratification. 

This  promontory  commences  at  the  termination  of  Bushfoot 
Strand,  where  the  coast,  the  general  direction  of  vvhich  for  several 
mfles  had  been  due  east  and  west,  turns  to  the  north-east,  and  after 
being  cut  into  several  semi-circular  bays,  deflects  to  the  S.  S.  £.  and 
near  the  old  castle  of  Dunseverick,  resumes  its  former  rectilineal  and 
nearly  eastern  direction. 

The  promontory  occupies  the  interval  between  Dunseverick,  and 
the  Black  Rock,  at  the  end  of  Bushfoot  Strand,  about  four  English 
miles ;  the  facades  commence  at  Black  Rock,  and  increase  in  height 
until  we  reach  Pieskm,  where  the  perpendicular  part  at  the  summit 
is  170  feet,  and  the  precipiV:>ttS  part  from  the  bottom  of  the  pillars 
to  the  sea  300.  As  we  proceed  on  from  Pleskin  to  Dunseverick, 
the  height  gradually  abates^  and  is  finally  reduced  to  about  lOO 
feet. 

In  tills  whole  space,  wherever  the  precipice  is  accurately  perpen* 
dicular,  the  several  strata  are  easily  distinguuhed  from  each  other, 
but  where  the  slightest  obliqnity  prevails,  a  grassy  covering  is  formed 
that  efiectually  conceals  ail  beneath  it ;  hence  the  face  of  the  preci* 
pice  seems  much  diversified ;  the  columnar  strata  fai  some  places 
only  exhibitmg  detaelied  groups  of  pillars,  while  in  others  they  form 
extensive  colonnades. - 

I  shall  new  state  the  appearances  as  we  approach,  and  coast  the 
firomontory  from  the  westward,  noticing  in  this  first  view  of  the  pre- 
cipice, cwiy  thing  that  may  be  considered  as  general,  and  reserving 
for  my  return  m  the  contrary  direction,  a  detailed  account  of  the 
strata  taken  separately. 

The  first  circumstance,  that  Dccurs  to  the  attentive  observer  on 
hu  approach,  is,  that,  although  both  the  promontory  itself,  and  the 
strata  composing  it,  ascend  to  the  northward,  yet  it  is  not  in  the 
same  angle,  the  strata  being  more  mclined  to  the  horizon  than  the 
line  tracmg  the  surface  of  the  promontory,  a  fiict  which  I  shall 
account  for  afterwards. 

From  the  Black  Rock  to  the  Gianf  •  Causeway  (aboni  a  mile) 

VOL.  I.  T 
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the  MifMriala,  and  their 'arrangemtnL  tie  siaiilar  to  those  of  Ihi 
coast  to  the  westward,  vii.  strata  of  taHa  basalt,  geoeraUy  fypmlrf 
bj  thinner  strata  of  a  reddish  substance. 

At  the  Giant's  Causeway  a  new  arrangement  commences,  by  the 
aggregate  of  which  our  coast  is  formed ;  natwe  having  chaoged  her 
materiah,  or  their  disposition,  or  both,  every  two  or  three  miki^ 
To  the  system  of  strata  comprehended  between  the  Giant's  Orase- 
way  and  Dunseverick  I  now  limit  myself,  as  all  the  strata  conposmf 
it  emerge  between  these  two  points. 

As  we  proceed  along  the  coast  from  the  Giant's  Canseway  cast- 
ward,  we  perceive  the  whok  mass  of  strata  ascend  gradually,  oil* 
minate  at  the  northern  point  of  the  promontory,  and  then  descend 
more  rapidly,  as  the  land  falls  away  to  the  south-east,  until  haviag 
traced  them  across  the  iaoe  of  the  precipice  we  see  them  inuneige 
separately  at  and  beyond  Portmoon  Wfaya  Dykes. 

The  western  side  of  the  promontory  is  cut  down  perpendicularfy, 
by  eleven  Whyn  Dykes;  the  intetvids  between  them  are  Qne€|ual, 
but  they  all  reach  from  the  top  of  the  predpice  to  the  water,  out  of 
which  some  of  them  again  emerge  in  considerable  fragments ;  thej 
are  all  constructed  of  horizontal  prisms,  which  are  strongly  con* 
trasted  with  the  vertical  pillars  of  the  strata  through  wUch 
they  pass. 

One  of  the  dykes  at  Port  Cooan,  on  Bengore,  half  a  mile  from 
the  Giaut*s  Canseway,  is  very  beautiful ;  an  insulated  rock  about  160  , 
feet  higby  and  90  in  diameter,  stands  perpendicular  in  the  middle  of 
a  small  bay ;  the  main  body  of  the  rock  is  similar  to  the  contiguous 
cousolidated  masses  j  but  on  the  east  side  a  singular  whyn  dyke  is 
joined  to  it,  composed,  (as  they  often  are)  of  several  waUs  aggfuti- 
nated  together,  with  walMike  fragments  of  other  parts  of  the  d>ke 
emerging  at  their  base ;  the  solid  mass  of  dyke  is  seen  cutting  down 
the  precipice  to  the  southward  at  150  yards  distance. 

Depressions  of  the  Strata. 

Sooii  after  we  have  passed  the  last  of  our  whyn  dykes  at  Port 
Spagna,  (a  name  derived  from  a  vessel  belonging  to  the  Spanish 
Armada  having  been  driven  ashore  in  that  Creek),  we  discovtr 
a  new  and  curious  circumstance,  viz.  that  the  western  half  of  the 
promontory  has  sunk  or  subsided  between  thirty  and  forty  fret. 
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without  the  iligfatest  coaciusioB  or  denDfemeot  of  Iho  panlklbm 
of  the  strata* 

Two  other  depressions  appear  as  we  proceed  onwards,  one  at 
PortmooOy  and  the  other  at  the  angle  where  the  promontory  begins 
to  project  from  the  rectilineal  coast;  these  however  are  fat  less 
considerable  in  thickness  than  the  futeediag,  neither  of  them 
exceeding  fife  feet 

Sach  depressions  occur  at  the  collieries  near  Ballycastle,  and  gene- 
jally  on  one  side  of  a  wfayn  dyke.  We  h^ve  also  at  Seaport,  two 
miles  west  from  the  Giant's  Causeway,  a  dyke,  oblique  and  uodu* 
latiug,  with  a  depression  of  the  strata  of  about  four  feet  on  one 
side :  but  on  Bengore  promoatoiy  our  dykes  are  unaccompanied  by 
4]epressions  of  the  strata ;  and  where  we  have  depression-s  we  do  not 
find  a  trace  of  a  dyke. 

The  portions  of  this  extensive  fiipade,  which  I  have  selected  for 
explanatory  views,  are  Portmoon^  in  or  near  which  most  of  the 
strata  emerge,  and  Pleskin,  where  the  strata  culminate.  £ach  of  these 
views  too,  exhibits  one  of  our  depressions ;  but  in  that  of  Pleskin^ 
the  first  apparent  depression  is  purely  an  optical  effect  arbing  from 
the  position  of  my  friend  Miyor  O'Neal,  of  the  56tb,  who  took  his 
view  from  the  water* 

Enumeration  of  the  sixteen  Strata  that  compose  the  Promontory 

of  Bengore^  taken  in  tlieir  regular  Order j  and  eowUingfrom 

above. 

The  country  immediately  to  the  southward  of  Bengore  is,  like  the 
Promontory  itself,  a  stratified  mass,  accumulated  to  the  summits  of 
Craig  Park  and  Croaghroore,  the  first  five  hundred  and  the  second 
seven  hundred  feet  high  ;  but  with  these  strata  I  have  nothing  to  do, 
limiting  myself  to  those  alone  of  which  the  promoutory  is  formed, 
and  which  are  exhibited  in  its  fa9ades, 

The  uppermost  of  these  commences  near  half  ^  mile  to  the  east- 
vrard  of  the  angle,  where  the  coast,  deflecting  6x)m  its  due  east 
and  west  course,  turns  to  the  north -westj  and  begins  to  form'tli^ 
promontory. 

So  far  the  course  of  this  stratum  is  to  appearance  perfectly  hori- 
xontal ;  for  the  strata  all  ascending  to  the  north,  ^pe  intersection  of 
their  planes  with  the  plane  of  the  sea,  must  run  east  and  west,  tliat 
is,  in  the  present  pase  it  cpiuddes  with  the  direction  of  the  coast. 
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But  when  the  coast  ebanges  its  directiony  thb  cobcideiiee 
and  the  fiifade  (that  is  the  vertical  sectioo  of  the  coast)  loaiog  its 
east  and  west  cooxse,  its  strata  must  appear  to  ascend  towards  the 
pomt  it  turos  to;  therefore  the  strata  at  Portmoon,  and  alon^  tkt 
north-east  side  of  the  promontory,  shonM  ascend  oWqacly  nloog 
the  ia^ades,  as  they  actually  do. 

Krsi  Stratum. 

The  stratum  I  commepee  with  forins  the  whole  ia^adc^  ftom  ifa 
first  appearance  until  it  reaches  the  promontory;  itcooMls of  mat- 
sife  [Hilars  rather  rude,  and  about  snty  feet  long>  its  conne  for  Uf 
a  mile  (as  I  have  stated)  seems  horizontal  i  but  on  the  hce  of  the 
promontory  it  ascends,  and  continnct  to  rise  uniformly  until  it 
reaches  the  summit,  which  it  lines  as  far  as  Portmooo,  on  the  south 
side  of  which  it  loses  some  of  its  thidmessy  then  suddenly  disap- 
pears and  vanishes  from  that  b^ade,  leoediqg  westward  in  the  fom 
of  a  stony  ridge,  and  is  seen  no  more. 

Second  Stratum. 

The  stratum  upon  which  the  precediqg  rests,  »  red  as  hrirfc^ 
and  about  nine  feet  thick ;  it  appears  in  spots^  and  patches  just 
above  high  water  mark,  so  long  as  the  incumbent  stratum  contiuttes 
horizontal ;  but  when  that  rises  obliquely,  the  second  ascends  with 
it ;  it  is  now  completely  displayed,  and  having  supported  the  pre- 
ceding in  its  course  to  the  summit,  vaubhes  with  it  aud  is  seen  no 
more 

Tliese  ochreous  matters,  so  common  in  all  basaltic  countries^ 
according  to  Mr.  F.  St  Fond's  opinion,  were  once  pure  basail,  but 
have  undergone  some  chemical  process  of  nature  we  are  unac- 
quainted with,  by  which  their  colour  has  been  changed. 

Third  Stratum. 

The  next  stratum  is  the  last  of  those  composing  the  promontory 
which  appears  beyond  it ;  for  so  long  as  the  first  and  second  coo* 
tmoe  their  horizontal  course  towards  Bengore,  this  third  accompanies 
them,  shewing  its  upper  surface  between  high  and  low  water  mark ; 
but  when  it  asc^ds  along  with  the  others  across  the  facades,  it  dis- 
plays its  whole  thickness,  above  fifty  ftet. 

Xhb  stratum  is  of  that  variety  of  basalt,  I  have  on  difierent  occa- 
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saons  dbtiDgaished  by  tlie  name  irregohr  pmmatic :  it  resembles  the 
coionmar  basalt  m  graio^  but  differs  from  it  totally  in  priociple  of 
intenial  construction;  for  its  prisms  are  small,  not  articulated, 
Bod  indiftrent  u  to  the  position  of  their  axes,  which  is  perpetually 
changing. 

The  inegular  prismatic  basalt  accompam'es  the  columnar  in  most 
countries,  as  at  Pont  du  Baume,  at  Trezza,  at  Bolsena  in  the  Sound 
of  Mull,  and  at  Staffii.  In  Antrim,  it  is  very  common ;  and  here  is 
a  striking  resemblance  between  the  rock  crowning  the  celebrated 
columns  at  StaflGi,  and  a  stratum  covering  a  very  neat  colonnade  at 
Craigahullur,  near  Portruslu 

This  stratum  is  scolloped  off  irregularly  from  the  point  where  it  be* 
conies  superficial,  until  it  completely  disappears ;  a  thin  stripe  of  its 
lower  edge  alone  is  ever  resumed  again* 

Fourth  Stratum, 

The  next  three  strata  will  require  only  very  short  descriptions. 
The  fourth  is  about  seven  feet  thick,  entirely  columnar,  the  pillars 
small,  but  not  neat ;  they  appear  very  white  from  a  thick  covering 
of  Byssus  saxatilis,  which  shews  a  great  predilection  for  this 
itntimi. 

Fiflh  Stratum. 

This  stratum  is  ochreous,  and  more  of  a  slate  colour  than  any 
of  the  other  red  strata ;  as  it  is  friable,  it  soon  acquires  a  grassy 
coat,  through  which  it  is  only  in  spots  that  it  shews  its  proper 
colour;  it  is  about  eight  feet  thick* 

Sixth  Stratum. 

Tbtt  stratum  b  composed  of  rude  massive  pillars  so  coarsely 
formed,  that  on  the  least  abi^tement  of  perpendicularity  the  columnar 
.Ibrm  can  scarcely  be  traced.  Thb  stratum  is  about  ten  fett  thick : 
it  forms  the  vertex  of  the  beautiful  conical  island  Beanyn  Daana, 

These  tost  strata,  though  they  have  nothing  very  remarkable  in 
themselves,  nor  contribute  much  to  the  beauj[y  of  the  facade,  yet 
4eBhibit  one  of  the  most  important  facts  I  am  acquainted  with 
ill  natural  historyi  and  which,  when  attentively  considered^  thrpws 
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muich  light  on  the  nature  of  the  opentiont  perfonatd  upon  mm 
globe  ikioe  its  consolidation,  and  leads  vt  irresistibly  to  concfaaMi 
extraordinary  and  unexpected. 

The  fourth^  fifth,  and  sixth  strata  vetch  the  top  of  tke  pracqiiee, 
and  vanish  together  at  the  waterfidl  hi  the  north-west  cotBcr  of 
Portmoon.  When  they  come  to  the  suriacet  they  torn  iriand  to  the 
westward  in  long  stony  ridges;  theee  obatmct  the  conurwt  of  the 
waters  io  their  descent  along  the  indiaed  pbne,  fanned  by  the  tar* 
lace  of  the  promontory,  and  throw  them  oter  the  piec^ioe,- In 
a  cascade  highly  beautifol  after  ram. 

On  the  facades  to  the  north*west  not  a  tnce  of  them  appean^ 
these  being  entirely  formed  by  the  lower  strata,  which  I  have  not 
yet  noticed ;  but  at  the  dbtance  of  a  mile^  at  the  great  depressioB 
(already  mentioned),  the  fourth,  Mb,  and  sixth  strata,  with  a  nar^ 
row  stripe  of  the  third,  suddenly  appear,  in  their  r^ular  posts,  their 
proper  order,  and  with  all  the  characteristic  marks  peculiar  to  each 
separate  stratum. 

In  the  interval  between  the  depression  at  Pleskiu,  and  the  Giant*! 
Causeway  (about  a  mile),  these  three  strata  often  appear  in  a 
desultory  way  on  the  summit  of  the  precipice,  wherever  it  is  of  sof- 
ficient  height  to  receive  them,  always  preserving  their  usual  thkk- 
ness,  their  characters,  and  their  order;  so^tfaat  a  person  master  of 
the  order  I  am  detailing,  as  he  approaches  a  rising  point  of  the 
precipice,  can  tell  its  strata,  and  tlieir  order,  before  he  ii  near  enough 
to  distinguish  them. 

Seventh  Stratum. 

The  rude  and  massive  pillars  of  the  sixth  stratom  pass  into  the 
neater,  and  much  longer  columns  of  the  seventh,  without  interrupt- 
ing  the  solidity  or  continuity  of  the  material ;  exactly  as  a  down- 
held  hand  appears  to  separate  into  fingers.  The  thickness  of  this 
stratum,  that  is  the  length  of  the  pillars  of  which  it  is  formed,  is 
fifty-four  feet ;  and  m  its  passage  across  tlie  face  of  the  prcc^cc^ 
displays  more  beautifol  coionuades  than  any  of  the  others. 

This  seventh  stratum  emerges  from  the  beach  immediately  behind 
the  south-east  point  of  Portmoon,  and  where  it  first  shews  itself  in 
that  bay,  has  its  lower  edge  raised  only  a  few  feet  above  the  water ; 
it  forms  the  upper  frustum  of  the  larger  of  the  two  conical  island^ 
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ascendsobliqtiely  iloBg  the  6ce  ofPortnKNNi,  uid  cootinoes  to  rise 
until  it  composes  the  upper  noge  ia  the  beautiful  ftfude,  properly 
called  Beogore  Head.  This  is  probably  the  most  magnificent  of  all, 
its  convexity  towards  the  sea  produdng  a  fine  effect.  The  lower 
edge  of  this  stratum,  that  is  the  line  forming  the  base  of  its  pillars^ 
has  here,  as  at  Pleskin,  attained  tJie  height  of  three  hundred  feet 
above  the  water. 

This  seventh  stratum,  like  those  above  it,  also  suffers  an  interrup- 
tion: for  after  having  exhibited  itself  to  such  great  advantage 
at  Bengore,  the  extreme  northern  point  of  the  promontory  lowers, 
and  this  stratum  disappears  for  about  one-third  of  a  mile ;  as  the 
promcmtory  rises,  it  is  resumed  again  in  great  beauty  at  Pleskin,  and 
is  interrupted  no  more ;  we  scarcely  ever  lose  sight  of  it  until  we 
reach  Port  No£fer  (the  next  bay  to  the  Causeway) ;  here,  for  want 
of  perpendicularity  it  is  little  seen,  and  is  finally  lost  over  the  Cause- 
way, we  know  not  well  how* 

Eighth  Stratum. 

The  next  stratum  is  of  tlie  same  variety  of  basalt  with  the  third, 
that  is,  irregular  prismatic ;  it  is  fifty-four  feet  thick.  Where  it 
emerges  at  the  south-east  comer  of  Portmoon,'it  is  quite  accessible 
by  land,  and  affords  the  best  opportunity  I  know  for  examining  this 
species  of  basalt,  as  it  is  there  very  neat. 

There  is  little  more  of  this  stratum  seen  in  the  facade  of  Port- 
moon  fot  want  of  perpendicularity,  but  it  forms  the  lower  frustum 
of  the  great  conical  bland  Beanyn  Daana,  and  the  whole  of  the 
tmaller,  except  the  base ;  it  is  well  displayed  over  the  remainder  of 
the  precipice,  it  forms  the  intermediate  stratum  between  the  magni- 
ficent colonnades  at  both  Bengore  and  Pleskin,  and  finally  is  lost 
just  over  the  Giant's  Causeway.  Large  globular  fragments  have 
fallen  from  it,  and  are  scattered  about  the  Causeway. 

Ninth  Stratum. 

'  This  stratum  is  forty-four  feet  thick,  that  being  the  exact  length 
of  the  neat  pillars  composing  it ;  at  its  emersion  it  forms  the  bases 
of  the  two  conical  islands  in  Portmoon,  and  is  no  more  seen  in  that 
bay ;  but  immediately  to  the  northward  it  begins  to  shew  itself  in 
colonnades  and  groups,  some  of  them  resembling-  castles  and 

towers, 

t4  • 
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It  ueendt  alonf  the  precipice  obliquely,  like  tboie  above  it,  fenM 
tbe  lower  range  at  Bengore  tnd  Pleskhi,  from  which  lait  it  dipa  M 
the  wettwatd  regularly,  composes  tbe  group  at  Poit  Nofier,  caBed  Ai 
Orgaot;  seen  from  the  Causeway,  and  fiDally  at  it*  immeruaa,<M-i» 
terscction  with  the  plane  of  tbe  tea,  it  forrot  tbe  bcaDlifnl  asKrablage 
of  neat  pillars,  m>  long  distioguitbed  by  tlie  name  of  the  Qiant'i 
Causeway. 

At  these  two  intersections,  each  of  tbem  acceuible  by  luid  and 
water,  tbe  prisms  exactly  resemble  ench  other  iu  grain,  sixe,  and 
neatness ;  llie  interval  betweeu  them  !s  full  two  miles,  through  great 
part  of  which  ibis  stratum  is  displayed  at  different  heiglits ;  it  cuU 
'miualcs  belnecn  Pleskin  and  Bengore,  with  its  lower  edge  more  than 
two  lunidred  feel  above  tlic  \v3ter. 

We  see  now  what  a  iliminulive  jiortion  of  our  vast  basaltic  mass 
hits,  until  lately,  muiiupolized  the  attention  of  the  curious;  and  even 
after  it  ivas  iliscovcred  llial  we  had  many  oilier,  aud  much  finer 
collections  of  pillars  on  Ihe  same  promontory,  it  never  occurred,  to 
lliose  who  were  preparing  lo  '^ive  accounts  of  them  to  tbe  public, 
to  examine  whether  these  were  mere  desultory  groups,  or  detached 
parts  of  a  grand  and  regular  ivhole,  which  a  more  comprebensivc 
view  of  the  subject  would  soon  have  laid  open  to  litem. 

Teiilh  Stratum. 
The  stratum  u|Kin  nhich  Ibe  pillais  of  the  preceding  rest,  is 
ocbreons,  red  as  minium,  and  about  twenty  feet  thick  \  it  it  scarcely 
seen  at  Portnioon,  a  patch  alone  of  its  surface  being  dislioguisbablc 
under  nater  at  low  tide;  but  immediately  to  the  northward  it  shews 
itself,  and  from  its  bright  colour  makes  a  censpicnous  figure  across 
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for  lometioies  we  think  we  cao  count  aeyeD,  and  again  not  more 
tban  five;  nor  does  each  of  these  preserve  the  same  thickness 
through  their  whole  extent,  for  they  are  deeper  towards  the  northern 
point»  where  they  culminate,  forming  by  themselves  a  perpendicular 
fiifadenear  two  hundred  feet  high,  but  they  grow  thinner  as  they 
recede  from  this  centre. 

The  jets  of  black  rock  to  whi(h  tliey  give  rise,  make  their  last  ap- 
pearance on  the  west  side  at  Rovinvaiiey,  where  they  strongly  dis* 
play  tlie  inclination  of  their  strata,  (the  same  with  all  the  rest)  to 
those  approacliing  from  the  westward ;  their  final  immersion  b  lost 
for  want  of  perpendicularity. 

I  shall  now  proceed  to  select  from  the  great  mass  of  facts  that  are 
exhibited  on  the  iace  of  Bengore  promontory,  and  occur  in  the  con* 
tiguous  basaltic  country,  such  as  seem  applicable  to  geological  ques« 
tioni,  and  likely  to  throw  light  on  such  subjects. 

Facts  applicable  to  geological  Questions, 

I.  Every  stratum  preserves  accurately,  or  very  nearly,  the  samo 
thickness  through  its  whole  extent,  with  very  few  exceptions. 

2*  The  upper  and  lower  surface  of  each  stratum  preserve  an 
exact  parallelism,  so  long  as  they  are  covered  by  another  stratum ; 
but  when  any  stratum  becomes  the  superficial  one,  its  upper  surface 
b  scolloped,  or  sloped  away  irregularly,  while  the  plane  forming  its 
base  contiuues  steady,  and  rectilineal ;  but  the  parallelism  of  its 
planes  is  resumed  as  soon  as  another  stratum  is  placed  over  it. 

3«  The  superficial  lines  bounding  the  summit  of  our  facades,  and 
our  surface  itself,  are  unconnected  with,  and  unafiected  by,  the 
arrangement  of  the  strata  below  them. 

4.  Nature,  in  the  formation  of  her  arrangements,  has  never  acted 
upon  an  extensive  scale  in  our  basaltic  area,  (at  least  on  Its  northern 
side,  where  our  continuous  precipices  enable  us  to  determine  the 
point  with  precision,)  but  changes  her  materials,  or  her  arrange- 
roent,  or  both,  every  two  or  three  miles,  and  often  at  much  smaller 
intervals. 

5.  Wherever  there  b  a  change  of  material,  as  from  one  stratum  to 
another  in  a  vertical  line ;  or  where  the  change  is  in  a  horiaontal 
direction  by  the  introduction  of  a  new  system ;  or  where  a  whyu 
dyke  cuts  through  an  accumulation  of  strata ;  m  all  these  cases  the 
change  is  always  per  saltum  and  never  per  gradut,  the  lines  of  de- 
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maraitioB  ahny*  distioct.  and  well  duSmd;  jet  the  dUkntk 
TaaUnth  past  into  each  other  without  iatetnipliDg  the  solidity  aai 
coatamity  of  the  whole  mass. 

6.  The  facades  on  onr  coast  are  fonaed  as  it  were  by  vcrtiesi 
phuiest  catting  down»  occasionally*  the  aocomuktioos  of  onrstiala; 
the  upper  |»rt  of  these  fafades  is  generally  perpendicQlar»  the  lower 
steep  and  predpltous. 

7*  The  bases  of  our  precipices  conuBonly  extend  a  coosideiabk 
way  into  the  sea;  between  the  water  and  the  foot  of  tlw  prteiyke, 
(and  especially  near  the  latter^  there  is  frequently  cthMted  the 
wildest  and  most  irregubir  scene  of  conftuion»  by  careless  obserreis 
supposed  to  be  formed  by  the  ruins  of  the  precipice  aboTe,  which 
have  fallen  down ;  such,  no  doubt,  was  fiif  r.  Whitehunt's  idea,  whca 
he  describes  one  of  these  scenes  as  **  an  awful  wreck  of  the  tern- 
queous  globe." 

But  a  more  attentive  observer  will  soon  discover  that  these 
capricious  irregularities,  whether  in  the  form  of  rude  cones,  as  st 
Bean^  Daana,  and  the  west  side  of  Pteskin ;  or  towers^  as  at  the 
djfke  of  Port  Cooan  and  Castro  Levit»  at  the  foot  of  Magilligaa 
fapade^  even  sfures  and  obelisks^  as  to  the  westward  of  Keobaao, 
and  at  the  Bull  of  Rathlin ;  yet  all  of  these  once  formed  part  of 
the  original  mass  of  coast,  stratified  like  it,  and  their  strata  still 
correspond  in  material  and  incliuation  with  tliose  in  the  contiguous 
precipice. 

8.  These  vertical  sections  or  abruptions  of  our  strata  are  by  no 
means  confined  to  the  steeps  that  line  our  coast;  the  remainiog 
boundary  of  our  basaltic  area  has  several  of  them  equally  grand ; 
and  similar  abruptions,  or  sections  (though  not  so  deep)  are  scattered 
over  a  great  part  of  our  area,  and  especially  on  the  ridges  of  our 
hills  and  mountains  which  are  cut  down  iu  many  places  like  a  stair, 
by  the  sudden  abruption  of  the  basaltic  stratum. 

Q.  Wherever  the  strata  are  thus  suddenly  cut  off,  whether  it  be  i 
mass  of  accumulated  strata  as  in  the  facades  on  our  coast,  or  soli- 
tary strata  in  the  interior ;  the  materials  on  one  side  of  the  abroptioa 
are  completely  carrie<1  away,  without  a  fragment  being  left  behind, 
while  on  its  other  side  tlie  untouched  stratum  remains  intire  aad 
undisturbed. 

I  shall  not  proceed  to  apply  these  facts  to  support,  or  invalidate, 
any  of  the  numerous  theories  which  have  given  rise  to  so  mach 
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contiOTeny»  in  which  I  myself  (as  you  know)  haf€  borne  some  part ; 
I  shall  look  to  nature  alone,  withoat  mnch  reference  to  opinions, 
«nd  shall  endeavour  to  trace,  by  the  marks  she  has  left  behind  her, 
some  of  the  grand  operatious  she  once  executed  on  tlie  surfeu^e  of 
our  globe. 

Varro  divided  the  time  elapsed  since  the  beginning  of  the  worid 
into  three  portions,  which  he  distinguished  by  the  names,  j^ro^/iocsi, 
fahJomwif  and  hiHoricum. 

Tiie  first  comprehended  the  period  of  absolute  darkness;  .in  the 
second  some  faint  lights  were  thrown  upon  the  history  of  its  events, 
by  fable  and  tradition ;  in  the  third,  the  historian  had  tlie  common 
aids  from  which  history  b  usually  compiled. 

The  natural  history  of  the  world  seems  to  admit  of  a  corresponding 
division.  In  the  first  I  include  the  formation  of  our  strata,  theur 
induration,  their  derangement  from  the  horizontal  position  in  which 
they  seem  originally  to  have  been  placed,  and  the  operation  of  cutting 
them  down  by  so  many  whyn  dykes. 

Id  the  second  division,  corresponding  to  V2Lno*8fabiiloium,  I  com- 
prehend the  operations  performed  upon  our  globe,  posterior  to  its 
final  consolidation,  and  antecedent  to  all  history  or  tradition ;  ope- 
rations therefore  that  can  be  established  by  the  visible  effects  alone 
which  still  exist,  written  in  strong  characters. 

The  third  division  contains  the  period  smce  we  acquired  some 
knowledge  of  natural  hutory,  became  acquainted  with  causes  and 
able  to  trace  the  connection  between  them. 

With  the  operations  performed  in  the  first  division  (correspond- 
ing with  Varro's  prokpticum)  modem  theorists  assume  that  they  are 
well  acquainted,  able  to  account  for  every  appearance,  and  to  detail 
the  whole  process  of  original  formation.  I  however  shall  decline 
Dotidng  these  early  processes  of  nature,  and  limit  myself  to  the 
second  division  of  natural  history,  hoping  from  the  prominent 
features  of  my  country  that  remain  still  undefaced,  and  from  its 
curious  facts,  to  trace  and  demonstrate  the  great  effects  that  have 
been  produced  upon  our  surface  ;  and  though  I  do  not  presume  to 
advance  farther,  I  perhaps  may  assist  in  clearing  the  way  for  future 
naturalists,  and,  by  establishing  effects,  encourage  them  to  proceed 
to  causes,  and  help  them  to  discover  the  powers  and  agents  by  which 
these  grand  operations  have  been  executed. 
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Enquiry  into  the  Fmmation  ofourperpendicmlar  Fafade^'^ 

It  is  oataral  that  the  flnt  great  opention  we  proceed  to  hm^t 
gate^  should  be  the  formation  of  our  magniBcent  fa^adca^  one  ef 
which  is  the  principal  subject  of  this  memoir. 

The  line  of  coast  that  bounds  our  basaltic  area  on  its  north  aide^ 
extends  about  twenty-6ve  Irish  milesj  in  which  course  the  ptedpiees 
are  nearly  continuous,  and  more  than  one  half  of  them  abaolutelj 
perpendicular  for  a  great  part  of-  their  stupendous  bdjght*  Tbe 
operation  by  which  they  were  cut  off  so  abruptly,  and  left  with  a 
formidable  aqpect  towering  over  our  coasts  is  the  one  we  inqvdre 
into. 

That  these  bold  precipices  once  projected  farther  in  many  places 
is  easily  demonstrated ;  at  Beanyn  Daana»  and  at  tiie  Chimney,  the 
colnnmar  construction  was  obviously  once  carried  much  farther  out 

At  the  Milestone,  Portcooan,  and  Portnabau,  the  fragments  of 
dykes  extend  far  beyond  the  face  of  die  precipice. 

These  same  facts,  together  with  the  projecting  base,  show  that 
these  sudden  abruptions  were  not  formed  by  the  subsiding,  and 
sinking  of  one  part,  leaving  the  remainder  in  its  place :  still  kss 
by  any  violent  revolution,  or  convulsion ;  as  the  stratification  has  not 
sustained  the  slightest  shock  either  above  or  below  the  fafade. 

The  formation  of  our  abrupt  coast,  has  been  ascribed  to  the 
action  of  the  sea  beating  violently  against  it,  washing  away  the  lower 
parts,  and  leaving  a  perpendicular  fi9ade  standing ;  as  we  often  see 
on  the  banks  of  rapid  and  encroaching  rivers. 

A  cool  examination  of  our  precipices  will  soon  prove  that  our 
fiipades  could  not  have  been  so  formed,  for  we  always  find  them  on 
the  highest  part  of  the  cliff,  and  recedmg  from  the  water,  which  could 
be  instrumental  in  bringing  down  the  materials  from  above,  only  by 
washing,  and  so  wearing  away  the  bases  of  tlie  steepest  parts ;  but 
the  elevations  of  these  bases  are  utterly  irreconcileable  to  this  sup- 
position ;  for  instance,  the  base  of  Pleskin  fa9ade  is  two  hundred 
feet  above  the  present  level  of  the  sea,  that  of  Fairhead  three  ban* 
dred :  now  had  the  sea  ever  risen  to  either  height,  it  would  have 
submerged  a  great  part  of  Ireland,  and  none  of  the  neighbouring 
couutry  (whatever  its  level  may  be)  bears  the  least  resembhrnce  to 
alluvial  ground,  nor  shows  any  mark  of  having  been  once  covered 
by  the  sea. 

The  next  argument  is  still  more  conclusive;  the  boundary  of  oar 
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basaltic  area  oo  its  north  tide,  is  for  twenty-fire  miles  also  the  coo- 
fioe  of  sea  and  land  ;  so  far  it  is  natural  to  ascribe  its  features  and 
characteristic  marks,  to  the  action  of  the  powerful  element  that 
beats  against  it.  But  when  that  precipitous  boundary  ceases  to  be 
the  confine  of  sea  and  land,  turns  southward  towards  the  interior, 
and  becomes  the  line  of  demarcation  between  the  basaltic  and  schis- 
tose country  on  the  west,  it  still  preserves  its  former  character ; 
that  is,  of  a  range  or  ridge  of  very  high  land,  steep  to  the  exterior, 
and  sometimes  cut  down  vertically  into  fa9ade8,  like  its  northern  part 
that  lines  the  shore. 

Thus  Magilligan  Rock  (four  miles  inland)  is  not  inferior  in  mag- 
nificence to  any  of  our  fa9ades  on  the  coast,  its  perpendicular  sec- 
tion is  one  hundred  and  seventy  feet,  and  this  continuous  for  a  mile ; 
the  facades  at  Bienbraddock,  are  nine  miles  farther  inland,  and 
those  of  Monyneeny  thirteen ;  while  the  base  of  the  lowest  of  these 
perpendicular  precipices  is  elevated  1400  feet  above  the  sea. 

The  same  style  prevails  on  the  east  side  of  our  basaltic  area,  after 
its  boundary  ceases  to  be  the  confine  of  sea  and  land ;  for  the  lime- 
stone facades  at  Garron  Point  (considerably  above  the  level  of  the 
sea)  exactly  resemble  those  of  Dunluce  and  Kcnbaan  at  the  water 
edge}  and  Cave  Hill  (several  miles  from  the  sea,  and  nearly  one 
from  the  shallow  estuary  of  Belfast),  exhibits  basaltic  facades  at  the 
height  of  one  thousand  feet,  precisely  similar,  little  inferior  to  those 
of  Magilligan. 

The  exact  resemblance  between  our  inland  facades  (on  the  east 
and  west  sides  of  our  area)  to  those  on  the  shore,  proves  them  to  be 
all  efifects  from  the  same  cause,  and  that  our  accumulated  strata  have 
in  all  these  similar  instances  been  cut  down  vertically  by  the  same 
agent,  and  that  this  agent  was  not  the  sea. 

Nor  has  this  powerful  agent  confined  its  operations  to  our  coast; 
or  to  the  periphery  of  ^ur  basaltic  area  3  we  can  trace  it  over  its 
whole  surfiice ;  we  find  throughout  its  interior,  similar  though  very 
diminutive  abruptions,  executed  precisely  in  the  same  manner,  that 
i%  strata  cut  across  by  a  long  vertical  fafade,  their  planes  on  the 
upper  side  perfectly  undisturbed,  while  on  the  lower  side  all  the 
ma^rials  of  ^hkh  that  part  of  the  stratum  was  once  composed  are 
completely  carried  off, — (See  6th  fact.) 

We  are  now  unavoidably  led  into  a  discussion  of  a  question  vihich 
)ms  at  all  times  occupied  the  attention  of  naturalists. 
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Whence  arise  the  Inequaliiies  mth  wMch  the  Surface  of  At 

Earth  t>  so  exceedingly  dhersified  f 

I  shall  not  attempt  to  encounter  thb  question  generaDy»  nor  It 
extend  my  enquiries  beyond  the  limits  I  ba?e  prescribed  to  suytdf; 
bnt  I  shall  try  whether  the  curious  facts  so  profosely  exhibted  over 
our  basaltic  area,  throw  any  light  upon  the  formation  at  owr  omi 
inequalitieSf  or  lead  us  a  step  towards  the  discovery  of  the  openlioiii 
by  which  such  stupendous  efiects  have  been  produced. 

Some»  to  escape  tbe  difficulties  m  which  this  question  isinvplfed^ 
ascribe  our  inequalities  to  original  formation;  as  if  the  world  had 
come  from  the  hand  of  tbe  Creator  with  the  variegated  surface 
which  now  contributes  so  much  to  its  beauty  j  but  the  freqaent  in- 
terruptionsy  and  resumptions  of  the  strata  m  our  area,  with  the 
perfect  resemblance  of  the  corresponding  parts^  however  great  tlw 
interval  by  which  they  are  separated,  can  scarcely  leave  a  doubt 
that  these  strata  were  at  first  continnous;  of  course  the  figure  of 
our  surface  at  that  time  must  have  depended  on  the  orig^lal  poa- 
tions  and  inclmations  of  these  strata,  which,  as  appears  by  the  3d 
fiict,  are  now  unconnected  with  the  superficial  line,  tbe  figure  sf 
which  is  governed  by  their  abruptions  and  removals  alone. 

Naturalists  have  diflered  much  in  opinion  as  to  tbe  dhection  in 
which  the  causes  acted  that  produced  the  inequalities  on  the  surfiMe 
of  our  globe ;  some  referring  us  to  the  bowels  of  the  earth  as  to  the 
scene  of  action ;  while  others  assert  that  the  operations  were  perv 
formed  upon  the  surface  itself. 

But  the  shghlest  inspection  of  our  ftpades  will  at  once  prove  that 
the  first  hypothesis  cannot  be  correct ;  for  obliquity  of  direction 
must  have  been  tbe  result  of  a  disturbing  cause  acting  from  below; 
whereas  parallelism  and  a  steady  rectilinear  course  distinguish  tbe 
basaltic  arrangements  of  which  I  have  been  treating. 

We  have,  it  b  true,  occasional  depressions  of  our  strata^  where 
they  obviously  have  subsided,  and  no  doubt  from  a  failure  of  sop* 
port  below ;  but  in  no  instance  that  I  have  met  with,  in  our  area,  are 
these  attended  by  the  slightest  concussion  ;  the  permuient  and  sub* 
sided  parts,  with  us  still  preserve  their  parallelism,  and  the  cootmuity 
of  their  material ;  whence  it  is  probable  this  event  took  place  pre* 
vious  to  the  induration  of  tbe  strata,  and  of  course  antecedent  to 
the  period  to  which  I  limit  myself. 

Bufibn  ascribes  our  superficial  inequalities  to  the  agitation  of  die 
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waters  while  they  cohered  oar  earthy  and  argues  from  the  resera- 
biance  these  inequalities  hear  to  the  waves  of  the  sea ;  a  resemblance 
I  cannot  trace  in  any  comitry  which  i  have  observed ;  nor  could  our 
sudden  and  perpendicular  abruptions,  ever  have  been  produced  by 
any  agitation  of  the  waters* 

Professor  Playiair  considers  rivers  as  having  formed  not  only  the 
beds,  or  channels  in  which  they  flow»  but  also  the  whole  of  the  val- 
lies  through  which  they  run,  and  in  general  all  the  inequalities  of 
our  surface  ;  but  an  attentive  observer,  tracing  the  course  of  any 
of  our  rapid  rivers,  would  soon  perceive  that  the  quantity  of  its  de- 
predations  has  been  comparatively  insignificant,  and  that  they  can 
be  determined  with  precision ;  the  river  has  no  doubt  in  several  places 
extended  itself  considerably  on  both  sides,  but  in  the  intermediate 
space  between  the  remotest  boundaries  it  ever  reached,  it  levels,  in- 
stead  of  raising  inequalities. 

The  same  result  I  apprehend  would  follow  from  the  operations 
of  another  agent,  which  theorists  are  in  the  habit  of  calling  in  to 
their  aidj  when  they  cannot  find  some  certain  material,  which  from 
their  theory  we  had  reasou  to  expect ;  they  then  tell  us  it  has  been 
carried  off,  and  lost  in  the  suite  of  degradations  and  decompositions. 
But  decay  and  decomposition,  instead  of  creath^  inequalitiefy 
would  produce  a  contrary  efi^t,  and  deface  those  actually  existing; 
they  would  gradually  abate  the  height  of  our  perpendicular  fii9ades, 
and  increase  the  green  steep  at  their  bases  by  the  accumulation  of 
the  cmmbling  and  mouldering  material  from  above;  while  the 
more  diminutive  fa9ades  formed  by  the  abruptions  of  single  strata 
scattered  over  the  face  of  our  area,  and  forming  its  most  charac« 
terislic  feature,  would  in  time  (as  many  are  already)  be  converted 
into  steep  acdivities  covered  with  verdure. 

Siidi  are  the  principal  causes  to  which  the  inequalities  of  our  sar* 
^ice  have  been  generally  ascribed*  Previous  to  o«r  deciding  finally 
upon  their  insufficiency,  it  may  be  proper  to  enumerate  a  lew  of  those 
inequalities,  where  the  deviation  of  oor  present  surface,  from  the 
form  it  probably  had  originally,  is  not  only  striking,  but  where  also 
the  concomitant  circumstances  afford  demonstration,  that  some  great 
operation  has  once  taken  place  there. 

Thus,  by  makmg  ourselves  acquainted  with  effects,  we  shall  be 
better  qualified  to  investigate  causes ;  and  if  those  effects  shall  ap- 
pear to  be  beyond  the  powers  of  such  natural  agents  as  we  are 
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■Irmly  icquaiiited  with,  vie  shall  b«  justified  in  admitting  tbe  pttC 
fbnnance  of  operations  to  wbich  we  have  seen  notliing  similar;  at*    ' 
also  in  admitting  the  former  existence  of  powers  of  hr  supcfftr    j 
CDCigy  to  any  we  have  ever  known  in  action. 

Enumeration  of  some  remarkable  IneqiuiHties  in  the  Surface  of 

our  bttsaltic  Area,  produced  since  the  Consolidation  f^  il$ 

Strata. 

That  we  may  belter  understand  the  facts  1  am  procedini  to  state, 
I  shall  assume  (in  llie  stjie  of  the  mathenialicians  pulafecluni)  pre* 
vious  to  doinoiJslralLoii,  that  the  planes  of  our  uniform,  rectilineal 
itrata,  however  iutcrrupled  we  may  now  find  ihem,  were  once  con- 
tinuous. 

Upon  this  suppoiilion,  the  valley  of  tlje  Mayola,  between  the 
atratitied  summits  of  Sealin  and  Slievegalton,  is  an  excavation  1700 
feet  deep,  and  three  miles  wide,  of  which  tlie  whule  materials  ban 
been  completely  carried  olf. 

To  the  northward  of  tliii  excavation,  between  Seafin  and  Cani- 
togher,  the  continuous  accumulated  strata  of  basalt  arc  interrupted, 
and  taken  awa^  quite  down  to  the  schistose  substratum;  while  the 
untouched  summits  of  the  contiguous  mountains,  Carotogher,  Sea- 
fin,  and  Monaneeny,  are  still  stratified  basalt. 

Or  the  eastern  side  of  our  area,  immediately  to  the  southward  of 
Kello  and  Connor,  a  similar  operation  has  been  performed,  attended 
by  still  more  extraordinary  circumstances. 

We  here  find  a  district  near  four  miles  in  diameter,  called  (he 
Sandy  Braes ;  over  this  whole  space  the  basaltic  stratjficatioa  has 
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pKcipiott  mddcaly  disappear»  and  at%  lower  level  disclose  the  sob- 
stntaiB,  which  appctn  to  be  an  altenntioa  of  sand-stone  and  coal, 
sometimes  with  hitaminoos  schistus. 

A  mile  or  two  to  the  eastward  the  abrupt  precipice  n  resumed, 
and  a  basaltic  stratum  again  occupies  its  summit  on  to  FVurbead,  with 
the  same  angle  of  mcUnation  in  which  it  was  dtq>osed  along  our 
whole  coast,  that  is»  a  slight  ascent  to  the  north. 

Traces  of  similar  operations  and  abruptions  are  to  be  found  over 
our  whole  area,  but  the  preceding  are  sufficient  to  make  us  ac« 
quainted  with  the  style  of  these  mterruptions  of  our  straU ;  of 
course  it  is  time  to  proceed  to  the  suspended  demomtratton,  that 
our  strata,  so  interrupted,  were  once  continuous,  notwithstanding 
the  magnitude  of  the  interval  by  which  the  corre^wndiog  parts  are 
DOW  sepamted. 

Proofs  thai  our  now  interrupted  Strata  were  once  continuous. 

We  must  now  turn  back  to  the  facades  of  Bengore,  where  the 
ntrata  themselves,  and  all  the  circumstances  attending  them,  are  so 
bappBy  displayed,  as  to  throw  great  light  on  the  subject,  and  to 
lead  us  analogically,  step  by  step,  to  the  conclusion  we  seek  for. 

Let  us  esaaune  and  trace  the  summit  of  the  precipice  for  a  mile 
imasediately  eastward  from  the  Giant's  Causeway,  and  we  shall  find, 
a  frequent  interruption  and  resumption  of  the  fourth,  fifth,  and 
sixth  stiata,  at  the  shortest  intervals,  the  mterruption  not  always 
reaching  to  the  lowest  of  the  three,  which  in  that  case  remains  con- 
tfamotts :  so  ftr  simple  inspectkm  removes  all  doubt,  that  each  of 
these  strata  was  once  continuous  as  fiur  as  the  great  depression  to 
thewestofPleskMi. 

Here  indeed  the  hiterruption  becomes  considerable,  not  less  than 
a  mile ;  but  when  we  find  at  Portmoon  a  successbn  of  three  strata 
with  the  same  mdination,  in  the  same  order,  of  the  same  thickness 
each,  and  with  the  same  strong  characteristic  marks  that  distin* 
guished  the  three  interrupted,  at  the  depressmn ;  above.ali,  when 
we  find  the  strata  they  rest  upon  contmuous  (at  least  with  very 
trifling  interruptions)  lor  the  same  extent,  I  thmk  we  can  scarcely 
entertain  a  doubt  that  this  interval  between  the  corresponding  parts, 
though  so  much  greater  than  any  of  the  preceding,  is^  like  them, 
kttt  an  interruption,  and  that  time  strata  were  once  contmuous  from 
the  dqiressioB  to  Portmoon, 
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i^^^^  rfril  the  itif^i  in  the  fatse  rf  Btw|im<A  iiWiipniilBUfj 
the  ttrataaieao  dkthictly  muked  thafcuehMNr  •ich.oCthiflij 
ii^  fiii4  U  qgiio  ^ft^r  apy  inHarnipti^ 

In  the  idl  qf .  the  piedpioes  iNid  ftfsidlifi  tie  tiiiHeiiif. 
ttnita  deptifet  nt.qf  this  ndveillige^  jet. « tbiir  tmalhr  i 
tioii8»  by  tracng  th^  lectUincar  oeiHMi^  ef  the  ifbtatSf  wi^eer. 
nei^  the  acf^iMflUed  iwrti^  we  ceaeitehliih.dieb  fo^^ 
%hiie  hi  the  gfeafff  Ittleiveb  we  «eit  lett  owi  pifMif -e^OMkar 
Idone* 

That  we  may  h^  eptiUed  tfi^.caiiy  thp  i^yk  of  MMlm  ii^^ 
hteiior  of  omr  b^alta^  aiea.  aiMi  t«  af|il|jr.lhe4meieatQnagle 
eoaUe  at  to  iiim  a  •unOar  4eaiio^  upow. the  awna  stiydom  !■»• 
temiptioos  of  our  atiataj  whkh  I  have  abeadj  enuiaewled^  if» 
becooMi  Deoenaiy  to  eaplam  the  gcolegiciil  eomCniclioa  of  our 
aieair-lht,  etrata  of.  whkh  it  b  ftirpeil  thihr  anaageaMBt— and 
^Knv  lodinatiaQs* 

An  extenrite  Uoi^toiie  itratiuBa»  whili  w  <Mh«  ani  about  t«a> 
hiindrfd  feet  tUckp  teeoit  to  form  tli|;ha«a  ofit^M  wMb  dislrietl 
Umit  aovidf  to :  iqpon  thi^  accuomiatioQa  of  ifctflhwdi  aatf  faiaikt 
basaltic  atiata,  aie  heaped  up  to  mort  ane^iprt  hiiiihli« 

This  gient.cakareoos  tiratum  seepuf  aot  to.  he  an  nocniate.tilane^ 
hfski  rathcf  to  resemble  a  basoo,  api  oveqr.  where  a|  ifapenphny  ii 
dips  to  the  iQteiior  ;  yet  the  plane  of  its  section  hm  a  l|^ 
to  the  southward :  a  receUection  of  these  circonistances  will 
us  to  account  for  er^ry  appearance  thi^  stratiu^  exhiUls*  as  it 
peps  to  be  disclosed  to  us;  and  by  the  cowrers^  an  attMtion  to 
these  appearances  will  enable  ns  accurately  to  detenaJnethepMilHMa 
of  the  stratum* 

This  stratum,  from  BaUycastle  to  Solomon's  Pmdi  (abpnt  twcn^ 
five  miles)  keeps  veiy  needy  the  level  of  the  sea»  often  leAeedsinkiBi 
below  the  surface,  but  never  raising  i|s  lower  edg^e  above  it;  hot 
when  at  Solomon's  Porch*  thfe  boundary  of  our  basaltie  ana  fasgM 
to  deflect  to  the  south-west,  and  then  to  the  sgnUi^  tiKifcenlnCthe 
stratum  to  the  southward  bqpns  to  operatei  and  v^e  {tereewe  tl»  . 
dotted  line  of  its  quarries  gradually  to  rise  along  tk#  ftce  of  dm  -i 
mouotam  from  the  shore  to  Monyneeny  and  Senfin,  whoiekhaaal^   - 
tamedtheheigfatof  i500feet:  itislnie^theactnatetmlnmlmBasI   . 
been  opened  at  these  two  great  elevalion«».bA  the  wM^nhWeiin* 
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mediately  below  the  basaltie  h^tde  proves  incontestably  that  it  b 
dose  at  hand. 

An  accumulation  of  basaltic  strata,  had  in  this  southern  course,  as 
well  as  on  the  northern  shore*  covered  the  limestone  up  to  the  sum- 
■uts  of  the  hills  or  mountains. 

I  have  already  stated  how  the  ridge  of  mountam  is  suddenly  inter* 
rupted  by  the  valley  of  the  Mayola,  firom  1600  to  1700  feet  deep, 
but  if  we  look  to  the  southward ,  m  the  rectilineal  course  of  the  strata 
the  pontions  of  which  we  have  been  able  to  ascertain  with  so  much 
accuracy),  we  shall  find  near  the  summit  of  the  mountain  Slieve- 
gallon  a  sinular  white  limestone  stratum  crowned  vrith  basalt,  cut- 
ling  it  in  the  very  direction  the  former  ought  to  have  reached  it, 
that  is  perhaps  two  hundred  feet  higher^  the  ascent  of  the  strata  to 
the  southward  having  elevated  their  planes  so  much  in  a  distance  of 
four  miles,  the  probable  interval  between  the  summits  of  these 
mountains. 

We  are  now  to  decide  whether  this  calcareous  and  basaltic  frag- 
ment, on  the  summit  of  SUevegallon  mountain,  be  the  last  remnant 
of  the  old  arrangement  we  have  been  tracing,  and  ascertaining  with 
so  much  precision,  for  seventeen  or  eighteen  miles  from  the  sea,  and 
twenty-five  miles  along  the  coast,  but  now  interrupted  by  the  valley 
of  the  Mayola,  like  our  former  more  diminutive  interruptions,  and 
also  like  them  resumed  at  the  next  elevation,  in  the  same  rectilineal 
course,  the  strata  preserving  the  same  order,  and  the  same  charac- 
terbtic  ounks.  Or  whether  the  strata,  appearing,  on  the  summit  of 
SUevegallon,  be  the  commencement  of  a  new  arrangement,  aban- 
doned by  nature  as  soon  as  begun :  which  is  highly  improbable,  for 
neither  limestone  nor  basalt  are  to  be  found  on  the  mountain  except 
in  thb  solitary  hummock.  ^ 

We  might,  by  a  minute  attention  to  the  inclinations  and  arrange^ 
ments  of  the  strata  contiguous  to  the  other  interruptions  I  have 
enumerated,  prove  in  like  manner  that  the  basaltic  masses  crowning 
the  summits  of  the  surrounding  hills  and  mountains,  are  merely 
the  renmants  of  strata  once  extensive  and  continuous,  but  inter- 
rupted and  carried  off,  as  in  the  preceding  case,  by  the  same  power- 
ful agent. 

The  more  diminutive  inequalities  scattered  over  the  whole  sur- 
fiice  of  our  area,  and  always  produced  by  interruptions  of  the  strata, 
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would  still  nort  easily  •dmit  the  application  of  the  nme 
from  the  oootiguity  of  their  abropted  parts';  bat  the  detui  wodU 
be  tedious »  those  who  wish  to  pursue  the  subject  farther  ouvt 
come  to  the  scene  theuiselves. 

Materials  campleiel^  carried  off. 

Aeircumslance  perhaps  still  more  extraordmary,  is  the  coaipktc 
removal  of  all  the  materials  that  once  filled  iq>  the  intervals  between 
the  abrupted  parts  of  these  strata ;  I  have  stated  in  mj  pth  Aef, 
that  the  materials  that  had  formerly  conqwied  the  pngecting  parts 
of  our  northern  facades  and  precipices  had  totally  disappeared. 

The  removed  parts  of  the  limestone  stratum  on  the  west  side  of 
our  area  have  shared  the  same  fiite,  for  where  the  chain  of  mouiH 
tains  extending  from  Magilligan  Rock  to  Bicnbraddock, » ioterrupted 
by  valUes  at  Stradreagb»  Drumrommer,  and  BaUyness,  \X  \%  obvious 
that  the  limestone  stratum  was  once  continuotts  to  the  hiigh  pomty 
where  it  shows  itself  on  Keady,  and  the  BMuataas  on  each  ride  ;  its 
thickness  too»  wherever  we  can  try  it.  is  veiy  great ;  yet  this  stratum* 
which  in  its  entire  state  must  have  spread  like  a  roof  far  above  the 
present  surface  of  these  valleys  (which  are  now  sunk  deep  into  the 
schistose  substratum)  has  not  left  a  particle  of  its  dAnt  behind,  nor 
is  a  smgle  lump  of  white  limestone  to  be  found  until  we  come  to 
the  quarries,  that  is»  to  the  edge  of  the  solids  untouched  stratum. 

Concluziom^ 

The  conclusions  that  unavoidably  follow,  from  the.conaidetatioB 
of  these  facts,  are. 

That  the  bills  and  mountains,  in  the  district  that  F  have  been  dt« 
scribing,  were  not  raised  up  or  formed  as  they  now  stand,  but  that 
they  are  the  undisturbed  remains  of  strata  that  were  left  behind, 
when  stupendous  operations  carried  avi'ay  the  parts  that  were  once 
contiguous  to  them. 

That  tlie  inequalities  of  this  surface  were  all  produced  by  causes 
acting  from  above,  and  carrying  oflT  whatever  they  touched^  without 
in  the  least  disturbing  what  was  left  behind. 
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Additional  Evidences.    Basaltic  Hummocks.  * 

The  arguroeots  on  which  I  have  founded  my  opinions  have 
hitherto  been  all  taken  from  the  hollows  in  our  surface,  and  the 
interruptions  in  our  strata,  botli  which  the  concomitant  circum- 
stances have  led  me  to  consider  as  so  many  excavations ;  but  the 
lofiy  elevations,  and  the  abrupt  prominencies  rising  suddenly  from 
onr  surface,  when  minutely  examined,  lead  us  irresistibly  to  the  very 
same  conclusion. 

When  you  and  I  examined  together  the  line  of  our  northern 
ia9ades,  >ve  studiously  sought  for  the  points  where  nature  had  made 
any  change  in  her  materials  or  their  arrangement,  hoping  that  at  the 
junctions  of  these  little  systems,  we  should  find  some  facts  that  would 
throw  light  on  the  subject;  but  we  generally  failed ;  want  of  per- 
pendicularity,  or  other  local  circumstances,  impeding  us  at  the  most 
interesting  points. 

On  the  present  occasion  she  has  adopted  an  opposite  line  of  con<« 
duct,  and  in  many  of  the  steps  she  has  taken,  obtrudes  upon  us 
demonstration  of  what  she  has  don?. 

Whoever  has  attended  to  the  exertions  of  man,  when  employed  in 
altering  our  present  surface/  either  by  levelling  heights,  or  by  making 
excavations,  must  have  observed  that  it  is  the  practice  of  the  work* 
men  to  leave  small,  cylindrical  portions  standing,  for  the  purpose  of 
determining  the  height  of  the  old  surfiice,  and  thereby  ascertaming 
the  quantity  of  materials  removed. 

To  these  may  be  compared  the  stratified  basaltic  hummocks  so 
profusely  8cattere<l  over  our  area^  and  which  seem  to  shew  how  high 
our  quondam  surface  once  reached. 

The  hummock  of  Dunmull,  three  miles  south-east  from  Portrudu 
is  \'ery  beautiful,  it  stands  on  the  top  of  a  high  ridge,  and  is  a  con- 
spicuous object  from  all  parts  of  the  country ;  it  is  exactly  circular, 
its  flat  surface  contains  an  acre,  it  is  completely  surrounded  by  a 
perpendicular  facade  about  twenty-five  feet  high,  and  formed 
by  two  strata,  a  columnar,  and  an  irregalar  prismatic,  resting 
upon  it. 

From  this  elevated  station,  where  I  had  the  pleasure  of  accom- 

*  Nnvigaton  use  tke  word  hummock  to  exfireft  circolar  and  eletated 
monptt,  appeariDg  at  a  diitaiiJb')  I  adopt  tbo  ttm  fkom  them. 
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paDjiag  you«  I  shewed  you  at  sis  or  seren  miles  distance  to  tte 
westward,  among  the  Derry  mountaiiiSy  the  still  loftier  hnmmockt  «f 
Altahrian  and  Sconce,  hemispherical  in  tarn,  composed  of  but  mm 
stntnm  each»  while  their  swelling-out  bases  disphyed  accimiiihtiQas 
of  many  more:  and  also  near  those  the  hummock  of  Fcnnaylc^ 
resembUnf  Dnnmull,  but  much  larger,  and  also  sunoonded  hj  a 
ft^de  composed  of  two  strata, 

.  I  shewed  you  also  at  twenty  miles  distance  to  the  south  cast,  the 
gigantic  Siemisb,  one  of  our  basaltic  hnmmodn,  magnified  (as  it 
were)  into  a  lofty  aua  insulated  mountain,  completely  stiatified  frgm 
its  base  to  its  flat  summit. 

I  shewed  you  likewise  from  the  bottom  of  its  ridge,  the  neat  bat 
diminutive  hummock,  called  the  Rock  of  Clogher,  above  BushmiHk 
As  our  time  was  precious,  you  took  my  word  for  its  stratificatioa 
being  precisely  similar  to  that  of  DunmuU. 

There  are  many  other  basaltic  liummocb  scattered  over  the  sur* 
fatce  of  our  area,  all  of  them  either  stratified  or  portions  of  strata ; 
two  of  the  most  renuirkable  are  the  hill  of  Knock  Lon^ran,  near 
Maghera,  and  a  tall  hununock  (whose  name  I  forget)  a  nule  east- 
ward from  Lisamore. 

We  meet  still  more  frequently  an  imperfoct  style  of  hnmmojck,  a 
semi-circular  fapadc  ou  one  side,  while  on  the  other  it  slopes  away 
gradually  with  the  dip  of  the  strata,  as  if  the  operation  had  been 
interrupted  before  it  was  carried  quite  round ;  the  most  remarkable 
of  these  are  Ballystrone,  in  Derry,  and  Croaghmore,  in  Antrim,  both 
visible  from  DunmuU. 

Regular  stratifications  on  the  summits  of  hills  and  mountains, 
have  been  long  a  stumbling  block  to  theorists;  the  histoiiau  of  the 
French  Academy,  for  the  year  17 16,  obviously  ascribing  the  super- 
ficial inequalities  of  the  earth,  (like  many  others)  to  causes  actmg 
from  below,  and  perceiving  how  incompatible  such  assemblages  of 
strata  were  to  his  theory,  thinks  it  safer  to  doubt  their  existence,  as 
they  could  not  have  been  formed,  he  says  *'  unless  the  masses  of  the 
mountains  were  elevated  in  the  direction  of  an  axis  perpendicular  to 
the  horizon :  ce  que  iCapu  iire  que  trh  rare.*' 

But  as  these  stratified  mounts  are  in  our  area  by  no  means  uncom- 
mon, they  lay  us  under  the  necessity  of  suggesting  another  altema* 
tive  sunilar  to  those  we  have  already  stated* 

Were  these  isohted  hummocks  originally  formed  as  they  now 
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itiBd»  (aoIHwj  and!  iepftMto  from  etch  ether)  one  by  one;  ot,  are 
they  the  test  remaining  portions  of  a  Test  consolidated  mass^  of 
which  the  intennediate  aad  eoonecting  strata  ha?e  been  carried  off 
by  causes  with  which  we  are  inncqaaiiited  ? 

To  be  able  aatisftctorily  to  resoWe  this  aHermitiTey  it  becoihies 
oMessary  to  take;  a  carelhl  view  of  the  contigvoBS  coimtriet,  and  to 
try  whether  their  construction^  and  the  arrangcBieDt  of  their  strata, 
win  throw  any  lighfopoo  the  subject^ 

When  we  examine  the  assembtege  of  hammoclLS  above  Knocfc- 
BMik,  tliat  isy  Sconce,  Fermoyle,  and  Altabrian,  we  find  their  matep 
rials  and  stratification  precisely  rimiter  to  that  of  the  conntrj  heknr 
them  to  the  eastward,  where  the  abruptions  of  the  strata  are  dispteyed 
in  long  stony  ridges; — to  the  south,  the  abruptions  on  the  vattajt  of 
Keady  moantain  discoter  the  same  similarity ;  and  to  thie  iiorth-weat 
the  grand  fii^ade  of  Magilligan  Rock,  three  miles  distant,  dispteys  an 
aixumulation  of  exactly  the  same  sort  of  strata  consolidated  into  an 
enormous  mass. 

The  hummock  of  DunmuH  is  formed  of  two  very  particular 
strata,  a  columnar^  and  an  irregular  pnsmatic ;  but  I  shewed  you* 
a  mile  to  the  northward^  at  the  Ia9ades  and  quarries  of  Islamore  and 
DnugahuUer,  at  tiie  base  of  the  hill,  that  the  whole  ridge,  on  the 
summit  of  which  DunmuU  h  placed*  was  a  -consolidated  mass, 
formed  by  alternate  strata  of  the  same  description ;  and  that  the 
arrangement  of  the  whole  country  below,  and  adjacent,  was  pr^- 
caseiy  the  same  with  that  of  the  hummock  of  Clogher,  I  proved  to 
you  at  the  curious  opening  of  the  strata  at  Bushmills  Bridge,  and  m 
the  fa9ades  at  the  Giant's  Causeway. 

After  these  proofs  that  so  many  (and  I  might  proceed  to  the  rest) 
of  our  detached  huihmocks  are  in  their  coustniction  and  materiab, 
simiiar  to»  and  connected  with,  the  main  consolidated  masses  of 
which  our  couatty  is  formed,  I  think  it  will  scarcely  be  asserted  that 
these  hummocks  were  origuially  formed,  solitary  and  separate  as 
they  now  stand :  but  rather  that  they  were  once  parts  of  that  vast 
whole,  and  left  behind  m  their  present  form,  upon  the  removal  of 
the  contiguous  portions  of  their  strata,  by  some  powerful  agent,  of 
whose  operations  and  modes  of  actingi  we  have  hitherto  obtained 
Ifttle  knowledge 

The  highest  pomt  on  the  ia9ade  of  Cave  Hill  is  called  M'Art's 
Castki,  and  qipears  lo  be  a  solitary  fragment  of  a  stiaium  pr^ 
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ebrij  wnilir  to  tbow  below  it,  ud  obriooil;  ctMc  extended  Ht 

Hw  incguhritjr  of  the  lummitof  FsulM«I,pUiii)T>licira  thalib 
g^Biitic  coliuiM  ouce  reaclieil  bigfacr. 

Aod  in  the  fapade  of  MagUligau,  the  bigbctt  of  all,  a  fnr  donl- 
tarj  paLcba  of  mn  upper  stntum  (no  doubt  once  perfect  lad  coa- 
tniiioua)  are  to  be  traced  along  its  tummit. 

Our  moontains  themselves  seem  to  »bcw  cleaily  that  the;  were 
once  higher ;  the  top  of  Magilligao  mountain  ii  aa  extuniTe  ptain, 
over  which  a  waadering  stratum  a  Jnteirupted  and  reiuraed  at 
intern  Is  for  a  great  way. 

Al  tbe  highest  part  of  Donald's  Hill,  over  the  valley  ofGlennllcr, 
we  find  a  hummock ;  also  at  the  tenuinalion  of  the  ridge,  at  iti 
bighest  part  over  the  valley  of  Mayola,  similar  hummocks. 

IP/uL  Tram,  Vol.  XCVIIl.  1B09.J 


CEOGHAPEIY,  OB  THE  DOCTRINE  OF  THE  GENERAL  FACB  OF 
THE  EARTH. 


J  K  the  itense  in  which  we  have  alrendy  dated  it  k  our  intentioD  to 
use  the  term  Geoi.ocy,  Geography  holds  the  same  relation  to  it  as 
Geognosy;  the  former   consliluting  lliat  department  of  Geology 
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century  before  Christ,  firrt  made  oteervatioBS  on  the  apptrent  pro- 
gress of  the  son  from  tropic  to  tropic ;  mod  is  nkl  to  hate  written 
two  treatises,  the  one  on  tiie  tropic,  and  the  other  on  the  eqninoz, 
whence  he  was  led  to  the  discoveiy  of  the  fonr  seasons,  which  arc 
determined  by  the  equinoxes  and  solstices.  We  are  assured  this 
knowledge  was  obtained  by  means  of  the  gnomon.  Thales,  it  is 
also  said,  constructed  a  globe,  and  represented  the  land  and  sea 
upon  a  table  of  brass. 

Meton  and  Euctemon  observed  the  summer  solstice  at  Athens,  on 
the  27  th  of  June,  482  years  before  Christ,  by  watching  narrowly  the 
shadow  of  the  gnomon,  with  the  design  of  fixing  the  beginning  of 
their  cycle  of  19  years. 

Timocharis  and  AristiUus,  who  began  their  obserfations  about 
395  B.  C  first  attempted  to  Bx  the  latitudes  and  longitudes  of  the 
fixed  Stan,  by  considering  their  distances  (torn  the  equator,  &c 
One  of  theu-  observatioos  gave  tm  to  the  discovery  of  the  picoes- 
sion  of  the  equinoxes^  which  was  first  remarked  by  Hippaichus 
about  \§0  years  after ;  who  also  made  use  of  their  method  for  deli- 
neating the  parallek  of  latitude  and  the  meridians,  on  the  surface  of 
the  earth ;  thus  laying  the  foundation  of  thb  science  as  it  now 
appears. 

The  latitudes  and  longitudes,  thus  introduced  by  Hipparchus,  wtrt 
not  however  much  attended  to  till  Ptolemy's  time,  Strabo,  Vitruvius, 
and  Pliny,  have  all  of  them  entered  into  a  minute  geographical  de- 
scription of  the  situation  of  places,  according  to  the  length  of  the 
shadows  of  the  gnomon,  without  noticing  the  longitudes  and 
latitudes. 

Maps  at  first  were  little  more  than  rude  outlines,  and  topographi- 
cal sketches  of  diflerent  countries.  The  earliest  on  record  were 
those  of  Sesostris,  mentioned  by  Eustathius,  who  says,  that  **  this 
Egyptian  king,  having  traversed  great  part  of  the  earth,  recorded 
ha  march  in  maps,  and  gave  copies  of  them  not  only  to  the  Egyp- 
tians, but  to  the  Scythians,  to  their  great  astonishment.**  Some  have 
imagined,  with  much  probabilityy  that  the  Jews  made  a  map  of  the 
Holy  I^nd  when  they  gave  the  different  portions  to  the  nme  tril>es 
at  Shiloh ;  for  Joshua  tells  ns  that  they  were  sent  to  walk  through 
the  land,  and  thai  they  described  it  in  seven  parts  in  a  book;  and 
Josephtts  relates  that  when  Joshua  sent  out  people  Arom  the  dif« 
IS^rent  ttihpB  tQ  nife^iore  the  land,  he  gave  them  as  companions 
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ftacn  well  skilled  in  geomttij,  who  conM  D»t  be  mirtakn  w  Ihi 
tnilk. 

Tfae  fint  Grecian  map  on  record  was  that  of  A 
tioiKd  by  Stiabo,  supptMed  to  be  tbat  referred  to  by  I 
noder  the  deugnatioa  of  the  ancient  map.  HeradolM 
describes  a  map  made  by  Arislagoras,  lytant  of  Miletna,  which  witf 
serve  lo  give  some  idea  of  the  mqn  of  those  tinies.  Ha  wlatea, 
that  Aiistagoras  shewed  it  to  Cleonieaes,  king  of  Sputa*  to  iodac* 
bim  to  attack  the  king  of  Persia  at  Susa,  in  order  to  icstore  Ibe 
lonians  to  their  ancient  liberty.  It  was  traced  upon  brass  or  copper, 
and  seems  to  liave  been  a  mere  itinerary,  containing  die  route 
through  the  iiitcrmediale  couotriei  which  were  to  be  traversed  in 
that  march,  willi  the  rivers  Haljs,  the  Euphrates,  and  Tigris,  which 
Herodotus  meatjons  a;  necessary  to  be  crossed  in  Ibat  expedition. 
tt  coDlaiucd  one  straight  line  called  the  royal  road,  or  highway, 
which  took  in  all  the  stations  or  places  of  encunpment  irom  Sardis 
to  Susa;  being  111  in  the  whole  journey,  and  containing  13,600 
sUdia,  or  iSS/J  Roman  miles  of  £000  feet  each. 

Eratosthenes  first  attempted  to  reduce  geography  to  a  regular 
system,  and  Introduced  a  regular  parallel  of  latitude,  which  began 
at  the  Streights  of  Gibraltar,  passed  eastwards  through  the  isle  of 
Rhodes,  aud  so  on  to  the  mountains  of  India,  noting  all  the  inter- 
mediate places  through  which  it  passed.  In  drawii^  this  line,  he 
was  not  regulated  by  the  &anie  latitude,  bnt  by  observing  wlicre  the 
longest  (lay  was  14  hours  and  a  half,  which  Hipparcfaus  afterwards 
determined  was  the  latitude  of  36  degrees. 

This  first  parallel  thruui^h  Kiiodes  was  ever  after  considered  with 
a  degree  of  preference,  in  constructing  all  the  ancient  maps;  andlht 


It  seems  Anaximtnder  was  tlie  fitst  ^mong  the  Qreeks  who  wiotf 
upon  thb  subject.  Archytas  of  Tarentiun,  i  Pythagorean*  fiunout 
for  his  skill  in  mathematics  and  mechanics^  also  made  some  attempts 
in  this  way ;  and  Dr.  liong  cpqjectares  that  these  are  the  authors  of 
the  most  ancient  opinion  that  the  circumference  of  the  earth  is 
400/XX)  stadia ;  and  Archimedes  makes  mention  of  the  ancients  who 
estimated  the  circumference  of  the  earth  at  only  BOfiOO  stadia. 

As  to  the  methods  of  measuring  the  circunderence  of  the  earth, 
it  would  seem,  from  what  Aristotle  says  in  hb  treatise  de  Corio^ 
that  they  were  much  the  same  as  those  usad  by  the  modems^  deft* 
dent  only  iu  the  accuracy  of  the  instruments.  That  philosopher 
there  says*  that  different  stars  pass  through  our  zenith,  accordiag  a» 
our  situation  is  more  or  less  northerly;  and  that  in  the  southern 
parts  of  the  earth  stars  come  above  our  horizon,  which  are  no  loi^^ 
visible  if  we  go  northward.  Hence  it  appears  that  there  are  two 
ways  of  measuring  the  curcumference  of  the  earth ;  one  by  obstwing 
stars  which  pass  through  the  zenith  of  one  place,  and  do  not  pass 
through  that  of  another ;  the  other,  by  observing  some  stars  whteh 
come  above  the  horizon  of  one  place,  and  are  observed  at  ttie  same 
time  to  be  in  the  horizon  of  another.  The  former  of  these  method^ 
which  is  the  best,  was  followed  by  Eratosthenes  at  Alexandria  ik 
Egypt,  250  years  before  Christ.  He  knew  that  at  the  summer  sol- 
stice, the  sun  was  vertical  to  the  inhabitants  of  Syene,  a  town  oa  th« 
confines  of  Ethiopia:,  under  the  tropic  of  Cancer,  where  thej  bad  n 
well  made  to  observe  it,  at  the  bottom  of  which  the  rays  of  the  sun 
fell  perpendicularly  the  day  of  the  summer  sohttice :  he  observed  by 
the  shadow  of  a  wire  set  perpendicularly  in  an  hemispherical  basoB» 
how  far  the  sun  was  on  that  day  at  noon  distant  from  the  zenith  of 
Alexandria ;  when  he  found  that  distance  was  equal  to  the  50tli 
[^art  of  a  great  circle  iu  the  heavens.  Then  supposing  Syene  and 
Alexandria  under  the  same  meridian^  he  inferred  that  the  dklance 
between  them  was  the  50th  part  of  a  great  circle  upon  the  earth ; 
and  this  distance  being  by  measure  5000  stadia,  he  coacluded  that 
the  whole  circumference  of  the  earth  was  250,000  stadia*  But  aa 
this  number  divided  by  300  would  give  694^  stadia  to  a  degree, 
either  Eratosthenes  himself,  or  some  of  his  followers,  ass^ned  the 
round  number  700  stadia  to  a  degree,  which  multiplied  by  S60^ 
makes  the  circumference  of  the  earth  352,000  stadia;  whenco 
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lK>t&  tiieie  neasiires  are  gi?ea  by  difiermt  aodion  at  tini  dF 
gwtoithenei. 

In  the  time  of  Pompey  the  Greats  Postdooiiu  detennfaed  Ik 
neasure  of  the  drcumfereDce  of  the  earth  hy  the  ad  method  above 
hinted  by  Ariitotle,  viz;  the  hortaontal  observatioos.  Knowing  that 
the  star  called  Canopns  was  but  just  visible  in  the  horiioB  of  Rbodct, 
and  at  Alexandria  finding  its  meridian  height  was  the  48th  part  of 
a  great  cirde  in  the  heavens,  or  7|  degrees,  answering  to  the  I9eo 
quantity  of  a  cirde  on  the  earth :  then  lupponng  these  two  plaeea 
under  the  same  meridian,  and  the  distance  between  them  5000  stadia, 
the  circumference  of  the  earth  will  be  S40,000  stadia ;  which  is  the 
first  measure  of  Posidonios.  But  according  to  Strabo,  Plondonios 
made  the  measure  of  the  earth  to  be  180,000  stadia,  at  the  rate  of 
500  stadia  to  a  degree.  The  reason  of  thb  diArebce  b  tbooght  to 
be,  that  Eratosthenes  measured  the  distance  between  Rhodes  and 
iU«tBBdria|  and  found  it  only  3^50  stadia ;  takmg  this  for  a  48f  h 
part  of  the  earth's  circumferences  which  is  the  measure  of  Pondo- 
nhis^  the  whole  circumference  will  be  180^000  sta<dia.  Tim  measoie 
was  received  by  Marinus  of  Tyre,  and  basoally  ascribed  to  Ptolemy. 
But  this  measurement  is  subject  to  great  uncertainty,  both  on  account 
of  the  great  refraction  of  the  stars  near  the  horizou,  the  cfiflkolly 
of  measuring  the  distance  at  sea  between  Rhodes  and  Akumdria, 
and  by  supposing  those  places  under  the  same  meridian,  wh«i  they 
are  rmlly  very  different. 

Several  geographen  afterwards  made  use  of  the  diffident  he^ts 
of  the  pole  in  distant  places  under  the  same  meridian,  to  find  the 
dimensions  of  the  earth.  About  the  year  800  the  khalif  Almemon 
had  the  distance  measured  between  two  places  that  were  two  d^rees 
asunder,  and  under  the  same  meridian,  in  the  plains  of  Siiyar  on  the 
Red  Sea;  and  the  result  was,  that  the  degree  at  one  timcvras  found 
equal  to  56  miles,  and  at  another  56^  or  56\  miles. 

The  next  attempt  to  find  out  the  circumference  of  the  earth  was 
iu  1525,  by  Femelius,  a  learned  philosopher  of  France.  For  this 
purpose  he  took  the  height  of  the  pole  at  Paris,  gomg  thence  directly 
northwards,  till  he  came  to  the  place  where  the  height  of  the  pole 
was  one  degree  more  than  at  that  dty.  The  length  of  the  way  was 
measured  by  the  number  of  revoluti8ns  made  by  one  of  the  wbeeb 
of  his  carriage;  and  after  proper  allowances  for  the  declivities  and 
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^    taraiBgn  of  the  road,  he  concluded  that  68  Italiao  milei  were  equal 
to  a  degree  of  the  earth. 

Accordiog  to  these  methods  manj  other  measurements  of  the 
earth's  circumference  have  smce  that  time  been  made,  with  much 
greater  accuracy. 

Though  the  maps  of  Eratosthenes  were  the  best  of  his  time,  they 
.were  yet  very  imperfect  and  inaccurate.  They  contamed  little  more 
than  the  states  of  Greece,  and  the  dominions  of  the  successors  of 
Alexander,  digested  according  to  the  surveys  above-mentioned* 
Me  had  indeed  seen,  and  has  quoted,  the  voyages  of  Pythias  into  the 
great  Atlantic  ocean,  which  gave  him  some  faint  ideas  of  (he  western 
parts  of  Europe ;  but  so  imperfectt  that  they  could  not  be  realised 
into  the  outlines  of  a  chart.  Strabo  says  he  was  very  ignorant  of 
Gaul,  Spam,  Germany,  and  Britain ;  and  he  was  equally  ignorant  of 
Italy,  the  coasi  of  the  Adriatic,  Pontus,  and  all  the  countries  towards 
the  north. 

Such  was  the  state  of  geography,  and  the  nature  of  the  maps, 
l>efore  the  time  of  Hipparchus.  He  made  a  closer  connection 
between  geography  and  astronomy,  by  determining  the  latitudes  and 
longitudes  from  celestial  observations. 

War  has  usually  been  the  occasion  of  making  or  improving  the 
maps  of  countries ;  and  accordingly  geography  made  great  advances 
from  the  progress  of  the  Roman  arms.  In  all  the  provinces  occu- 
pied by  that  people,  camps  were  every  where  constructed  at  proper 
iutemis,  and  good  roads  made  for  communication  between  them ; 
and  thus  civilization  and  surveying  were  carried  on  according  to 
system  through  the  whole  extent  of  that  large  tmptn.  Every  new 
war  produced  a  new  survey  and  itinerary  of  the  countries  where  the 
scenes  of  action  passed ;  so  that  the  materials  of  geography  were 
accumulated  by  every  additional  conquest.  Polybius  says,  that  at 
the  beginning  of  the  second  Punic  war,  when  Hannibal  was  pi^ 
paring  Ms  expedition  agamst  Rome,  the  countries  through  which  he 
was  to  pass  were  carefully  measured  by  the  Romans.  And  Julius 
Caesar  caused  a  general  survey  of  the  Roman  empire  to  be  made,  by 
a  decree  of  the  senate.  Three  surveyora  had  this  task  assigned  them, 
which  they  completed  in  twenty-five  years.  The  Roman  itineraries 
that  are  still  extant,  also  shew  i||iat  care  and  pains  they  had  been  at 
in  making  surveys  in  all  the  different  provinces  of  their  empire,  and 
Pliny  has  filled  the  3d,  4th,  and  5th  boob  of  his  Natural  History 
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with  iht  ftbfptpwCn  wMnctB  thst  y^ttt  tboA  UiAiilJtfiea*  CNW 
inapt  are  also  8t31  preserved,  known  by  the  ntme  of  the  PartqjnM 
lUbles,  published  by  Welser  and  Bertios,  which  give  m  good  ip^ 
ehoep  of  whit  Vegietios  calls  the  iimmwpkU,  for  the  better  cEtete 
of  their  ttntaies  in  their  march. 

The  Roman  empire  had  been  enfanged  to  its  greatest  ctiMf;  ind 
in  its  provinces  well  known  and  surveyed*  when  Ptidemy^  abottt  13b 
years  after  Christy  composed  hb  systM  of  gedgraf^.  ne  cUef 
itMt^riab  he  employed  m  composing  this  Urork,  Were  the  pfejpoffions 
of  the  giiodioa  to  its  shadow,  taken  by  diflerait  astioweis  at  tihe 
Umes  of  the  equinoxes  and  solsticis ;  calcuhtioos  fbooded  oo  the 
length  of  the  longest  days;  the  meisured  or  computed  distances  of 
the  prineqial  roads  contained  in  their  surveys  and  itineraries ;  and 
^e  various  reports  of  travellers  and  nav^tors.  All  these  weie 
tcompared  together,  and  digested  into  one  mifiirm  hmdj  or  system; 
end  afterwards  weit  translated  by  him  into  a  new  mathemsticaf  laa* 
guage,  etpiessing  the  different  degrees  of  latitude  and  lon^tude^ 
ifter  the  mvention  of  Hipparchus,  which' bad  been  neglected  lor 
S50  years. 

Ptolemy's  system  of  geoghipby,  Abtwithstmdhig  it  was  stffl  veiy 
imperftct,  contmued  m  vogue  till  the  last  tiiree  or  four  cent uries, 
within  which  time  the  great  improvements  in  astronomy,  the  mrnny 
discoveries  of  new  countries  by  voyagers,  and  the  progress  of  war 
ind  arms,  have  cotitributed  to  bring  it  to  a  very  coosidenble  degree 
of  perfection. 

Sect.  Ih^^Princ^Us  of  Geography. 

The  fundamental  principles  of  geography  are,  the  spherical  figure 
of  the  earth,  its  rotation  on  its  axb,  its  revolution  round  the  sun,  and 
the  position  of  the  axis  or  line  round  which  it  revolves  with  regald 
to  the  celestial  luminaries.  That  the  earth  and  sea  taken  together 
constitute  one  vast  sphere,  is  demonstrable  by  the  feUowing  aign- 
mentif :  1 .  To  people  at  sea  the  land  disappears,  though  near  enoogii 
to  be  visible  were  it  not  for  the  intervening  convexity  of  the  water. 
2.  The  higher  the  eye  is  placed,  the  more  extensive  is  the  prospect ; 
whence  it  is  common  for  sailors  to  dimb  up  to  the  tops  of  Uie  maitt 
tb  discover  land  or  ships  at  a  distance.  But  this  would  give  them 
no  advantage,  were  it  not  for  the  convexity  of  die  earth ;  lor  npoean 
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ininntcly  extended  pine  objects  wodM  be  vifible  et  the  tune  dis^ 
taoce  whether  the  eye  was  high  or  low,  nor  wouM  any  of  them  vn* 
nbh  till  the  angle  under  whidi  they  appeared  became  too  small  to 
be  perceived.    S.  To  people  on  shore  tiie  mast  of  a  diip  at  sea  ap^ 
pears  before  the  hall ;  but  were  the  earth  an  infinite  plane,  not  the 
h^est objects,  but  the  Jaigest,  would  be  longest  visible; 'and  the 
nast  of  a  ship  would  disappear,  by  the  smallness  of  its  angle,  long 
befinre  the  hull  did  so.    4.  The  convexity  of  any  piece  of  still  wa« 
ter  of  a  miie  or  two  in  extent  may  be  perceived  by  the  eye.    A  little 
boat,  for  mstance,  may  be  perceived  by  a  man  who  is  any  height 
above  the  water ;  but  if  he  stoops  down  or  lays  his  eye  near  the 
surface,  he  will  find  that  the  fluid  appears  to  rise  and  intercept  the 
view  of  the  boat  entirely.    5.  The  earth  has  been  often  safled  rounds 
as  by  Magettan,  Drake^  Dampier,  Anson,  Cook,  and  many  other 
navigators,  which  demonstiates  that  the  surfiice  of  the  ocean  is  sphe- 
ncal ;  and  that  the  land  b  very  little  diflerent,  may  easily  be  proved 
from  the  small  elevation  of  any  part  of  it  above  the  surfue  of  the 
water.    The  mouths  of  rivers  which  run  1000  miles  axe  not  more 
than  one  mile  below  their  sources,  and  the  highest  mountains  are 
DQt  ^uite  four  miles  of  perpendicular  height ;  so  that,  though  some 
parts  of  the  land  are  elevated  into  hills,  and  others  depressed  iifto 
valleys,  tbe  whole  may  still  be  accounted  spherical.    €.  An  iinde« 
mable,  and  indeed  ocular,  demonstration  of  the  spherical  figure  of 
the  earth  is  taken  from  the  round  figure  of  its  shadow  which  falls 
upon  the  moon  in  time  of  eclipses.    As  various  sides  of  the  earth  are 
turned  towards  the  sun  during  the  time  of  diflferent  pbsenomeoa  of 
this  kind,  and  the  shadow  in  all  cases  appears  circular,  it  b  impos* 
sible  tosiqppose  the  figure  of  the  earth  to  be  any  other  than  spheric 
caL    The  inequalities  of  its  surface  have  no  effect  upon  the  eertfaTs 
shadow  on  the  moon;  for  as  the  diameter  of  the  terraqueous  globe 
is  very  litde  less  tban  tOOO  miles,  and  the  helgbl!  of  the  h%hest 
adountains  on  eartb  not  quite  four,  we  cannot  account  the  latter  any 
asore  than  the  3000th  part  of  the  fonnter,  so  that  the  mountains 
bear  no  mora,  proportion  to  the  bulk  of  the  earth,  tfaav  grains  of 
dust  bear  to  that  of  a  common  globe. 

Agreat  many  of  the  terrestikl  phsenomcna  depend  upon  the  glo« 
bular  figure  of  the  eartb,  and  the  poeition  of  its  axb  with  regard  t» 
the  sun,  particufaurly  the  rbiog  aod  setting  of  the  celestial  luminaries, 
&e  length  of  the  days  and  nights^  *c 
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Tliough  the  urn  rim  md  aetg  lU  oftr  the  wotM,  the  ciicwmitiacTi 
of  hit  doing  to  are  very  difoent  in  diffinent  countriet.    The  omiI 
remarkable  of  these  circnnstanoei  k  the  doratioa  of  the  Kgbt,  sot 
only  of  the  sun  himself,  but  of  the  twilight  before  he  rise^,  smd  aAcr 
he  sets*    In  the  equatorial  regions^  for  instance!  daihnesa  comes  on 
very  soon  after  sunset;  because  the  convexity  of  the  earth  eomes 
quickly  in  between  the  eye  of  the  observer  and  the  lonunary,  the 
motion  of  the  earth  being  much  more  raiud  there  than  anj  where 
else.    In  our  dimate  the  twilight  always  continues  two  boon^  or 
thereabouts,  and  during  the  summer  season  it  continues  hi  a  eoosi- 
derable  degree  during  the  whole  night.    In  countries  fiuiher  to  the 
northward  or  southward,  the  twilight  becomes  brighter  and  brig|hter 
as  we  approach  the  poles,  uutil  at  last  the  son.  does  not  appear  to 
touch  the  horizon,  but  goes  in  a  circle  at  some  distance  above  it  for 
many  days  successively.    lu  like  manner,  during  the  winter,  the 
same  luminary  sinks  lower  and  lower,  untill  at  last  he  does  not  up* 
pear  at  all ;  and  there  b  only  a  dim  twmkling  of  twilight  for  an 
hour  or  two  in  the  middle  of  the  day.  By  reason  of  the  refraction  of 
the  atmbsphere,  however,  the  time  of  darkness,  even  in  the  most 
inhospitable  climates,  is  always  less  than  that  of  light ;  and  so  re* 
markable  is  the  e£fect  of  this  property,  that  in  the  year  16821,  when 
some  Dutch  navigators  wintered  in  Nova  Zembla,  the  sun  was  visible 
to  them  sixteen  days  before  he  could  have  been  seen  above  the  ho- 
rizon, had  there  been  no  atmosphere.    The  reason  of  all  this  b,  that 
in  the  northern  and  southern  regions  only  a  small  part  of  the  coa« 
vexity  of  the  globe  is  interposed  betwixt  us  and  the  sun  for  many 
days,. and  in  the  high  latitudes  none  at  all.    In  the  warmer  climates 
the  sun  has  often  a  beautiful  appearance  at  rising  and  setting,  from 
the  refraction  of  his  light  through  the  vapours  which  are  copiously 
raised  in  those  parts.    In  the  colder  regions,  Lalos,  parhelia,  aurora 
borealis,  and  other  meteors  are  frequent;  the  two  former  owing  to 
the  great  quantity  of  vapour  continually  flying  from  the  warm  re- 
gions of  the  equator  to  the  colder  ones  of  the  poles.    In  the  high 
northern  latitudes,  thunder  and  lightning  are  unknown,  or  but  seldom 
heard  of;  but  the  more  terrible  pbaeoomena  of  earthquakes,  voica* 
noes,  &c.  are  by  no  means  unfrequent.    These,  however,  seem  only 
to  afifect  islands  and  the  maritime  parts  of  the  continent. 

Notwithstanding  the  seeming  inequality  m  the  distribution  of  ligM^ 
and  darkness,  however,  it  is  certain,  that  throughout  the  whole 
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worlfl  there  u  netriy  t#  equal  proportimi  of  light  difiiised  on  every 
paity  tbsfractiiig  from  what  is  absorbed  by  clouds^  vapours,  and  the 
atmosphere  itsdf.  The  equatorial  regions  have  indeed  the  most  m« 
tense  light  during  the  day,  but  the  nights  are  long  and  dark;  while, 
on  the  other  hand,  in  the  northerly  and  southerly  parts,  thougli  the 
Che  son  shines  less  powerfully,  yet  the  length  of  time  that  he  appears 
above  tlie  horisoo,  with  the  greater  duration  of  the  twilight,  com- 
pensates for  the  seeming  deficieucy. 

Were  the  earth  a  perfect  plane,  the  sun  would  appear  to  be  ver- 
tical in  every  part  of  it ;  for,  in  comparison  with  the  immense  mag- 
nitude of  that  luminary,  the  diameter  of  this  globe  itself  is  but  very 
amall ;  and  as  the  sun,  wete  he  near  to  us,  would  do  much  more  than 
cover  the  whole  earth,  so,  though  he  were  removed  to  any  distance, 
the  whole  diameter  of  the  latter  would  make  no  difference  m  the  ap« 
parent  angle  of  altitude.  By  niean^  of  the  globular  figure  of  the 
«arth  also,  aloug  with  the  great  disparity  between  the  diameters  of 
the  two  bodies,  some  advantage  is  given  to  the  day  over  the  night  t 
lor  thus  the  sun,  being  inmiensely  the  larger  of  the  two,  shines  upon 
inore  than  one  half  of  the  earth ;  whence  the  unenlightened  part 
lias  a  shorter  way  to  go  before  it  again  receives  the  benefit  of  his 
rays.  This  diflference  u  greater  in  the  inferior  phmets  Venus  and 
Mercuiy  than  in  the  earth. 

To  the  globular  form  of  the  earth  likewise  is  owing  the  long 
ttoonlight  which  the  inhabitants  of  the  polar  regions  enjoy.  Hie 
same  figure  likewise  occasions  the  appearance  and  disappearance  of 
•cettain  stars  at  some  seasons  of  the  year  in  some  countries ;  for,  were 
the  earth  iht^  they  would  all  be  visible  hfi  every  part  of  the  world  at 
the  same  tone.  .  Hence  most  probably  has  arisen  the  opiuioii  of  the 
Influence  of  certain  stars  upon  the  weather  and  other  sublunary 
matters.  In  riiort,  on  the  globular  figure  of  the  earth  depends  the 
fi^hole  present  appearance  of  nature  around  us ;  and  were  the  shape  of 
the  planet  we  hihabit  to  be  altered  to  any  other,  besides  the  real  dif- 
ferences which  wonid  of  consequence  take  place,  the  apparent  ones 
would  be  so  great,  that  we  cannbt  form  any  idea  of  the  fiice  which 
nature  would  then  present  to  us. 

in  geography  the  circles  which  the  sun  apparently  describes  in 
the  heavens  are  supposed  to  be  eiftended  as  far  as  the  earth,  and 
■larked  on  -its  surface ;  and  in  like  manner  we  may  imagine  as  many 
cireles  Bsure'pleBse  to  be  described  on  the  earth,  and  their  fA'M^% 
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tote  extended  to  tlie  cekstid  fplien»iB  OtjiMitk 

enct  on  the  hcateiu.   .  The  mort  fenwiikdJe  of  thoetumwwMj  Ig 

geographers  to  be  described  m  this  wummt  are  the  follomim 

I,  The  harizfM.  Thb  is  properly  mdoohla  ciicle,  oat  of  the  hi* 
risoDs  being  called  the  sensible,  and  the  other  the  rath—al.  The 
fbrmer  comprehends  only  that  space  which  no  can  aee  nionnd  ai 
upon  any  part  of  the  earth,  and  which  is  very  difeient  aceonlhig  to 
the  difference  of  our  situaiioii.  The  other,  called  dw  nliooal  is  a 
circle  parallel  to  the  former,  and  pMshig  thioii|^  the  esatia  of  the 
earth,  supposed  to  be  continued  as  fiur  as  the  celestial  s|hae  itself. 
To  the  eyes  of  spectators  there  is  always  a  vast  ffiftiims  be* 
tween  the  sensible  and  rational  horiaoos;  but  fioos  the  inuMBse 
dbjiartty  betwixt  the  sixe  of  the  earth  and  cdcstial  sphere,  phacsef 
both  circles  may  be  considered  as  couMidcBt  Hence  in  geography, 
when  the  horiaon,  or  plane  of  the  horiacN^  is  spoken  o(  the  ratioasi 
isalways  understood  when  nothmg  is  said  to  the  contrary.  In  cob* 
sequence  of  the  round  figure  of  theearfl^  every  part  has  a  diffenaC 
horiaon.  Thepolesof  thehoriaonptfialiitdMponilaJBiectlyabeie 
the  head,  and  opposite  to  the  ftel  of  the  ofeemer,  are  called  ite 
zenith  and  nadir. 

3.  A  great  circle  described  upon  tbespbeve  of  the  hMven^  and 
passing  through  the  two  vertical  pomts,  is  called  m  vertical  drde,  or 
an  azimuth;  and  of  these  we  may  suppose  as  many  as  we  please  all 
round  the  horizon.  In  geography  every  circle  obtains  the  epithet 
of  great  whose  plane  passes  through  the  centre  ai  the  earth;  ia 
other  cases  they  are  called  lesser  circles.  The  altitudes  of  the  hea* 
venly  bodies  are  measured  by  an  arch  of  the  azimoth  or  vertiesi 
circle  intercepted  between  the  horizon  and  body  itself  The  moct 
accurate  method  of  taking  them,  with  r^rd  to  the  sun  and  mooi^ 
is  for  two  persons  to  make  their  observations  at  the  same  tiOM  ;  oae 
of  tliem  to  observe  the  altitude  of  the  upper  limb,  the  other  of  the 
lower  limb ^f  the  luminary;  the  mean  betwixt  these  two  giviag  the 
true  height  of  the  centre.  The  same  thing  may  also  be  done  accih 
rately  by  one  observer,  having  the  apparent  dhuneter  of  dw  Iububbij 
given.  For,  having  found  the  height  of  the  upper  edge  of  the  link 
by  the  quadrant,  take  from  it  half  his  diameter,  the  reaninderlstke 
height  of  hb  centre;  or  havu^g  found  the  altitude  of  Us  lower  aigtf 
add  to  it  half  the  diameter,  and  the  sum  is  the  lie%ht  of  the  tmtat 
^  before.    When  the  observations  are  made  with  m  hrgt  m^tra^ 
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meuty  it  will  be  conveniif  to  use  a  sextant^  or  sixth  part  of  a  circle^ 
rather  than  a  qaadrant,  as  beiog  less  unwieldy. 

3.  Alnucantars  are  circles  supposed  to  be  drawn  upon  the  sphere 
parallel  to  the  horizon,  and  grow  less  and  less  as  they  approach  the 
vertical  points*  where  they  entirely  vanish.  The  apparent  distances 
betwixt  any  two  celestial  bodies  are  measured  by  supposing  arches 
of  great  drcles  drawn  through  them,  and  then  finding  how  many 
degrees,  minutes.  See.  of  these  circles  are  intercepted  between  them* 

4.  Sometimes  the  visible  horizon  is  considered  only  with  regard 
to  the  objects  which  are  upon  the  earth  itself,  in  which  case  we  may 
define  it  to  be  a  lesser  circle  on  the  surface  of  the  earth,  compre- 
hending all  such  objects  as  are  at  once  visible  to  us ;  and  the  higher 
the  eye,  the  more  u  the  visible  horizon  extended.  It  is  most  accu« 
ntely  observed,  howefer,  on  the  sea,  on  account  of  the  absence  of 
those  inequalities  which  at  land  render  the  circle  irregukir ;  and  for 
this  reason  it  is  called  sometimes  the  horizon  of  the  sea,  and  may  be 
observed  by  looking  through  the  sights  of  a  quadrant  at  the  most 
distant  part  of  the  sea  then  vbible. 

5.  The  equator  b  a  great  circle  upon  the  earth,  every  part  of 
which  is  equally  distant  from  the  poles  or  extremities  of  the  ima» 
gumry  line  on  which  the  earth  revolves.  In  the  sea  language  it  is 
usually  called  the  line^  and  when  people  sail  over  it  they  are  said  to 
cress  the  line. 

6.  The  meridian  of  any  place  is  a  great  circle  on  tlie  earth  drawn 
through  that  place  and  both  poles  of  the  earth*  It  cuts  the  horizon 
at  right  angles,  mariimg  upon  it  the  true  north  and  south  point; 
dividing  also  the  globe  into  two  hemispheres,  called  the  eastern  and 
western  from  their  relative  situation  to  that  place  and  to  one  another. 
The  poles  divide  the  meridians  into  two  semicircles,  one  of  which  is 
drawn  through  the  place  to  which  the  meridian  belongs,  the  other 
through  that  point  of  the  earth  which  is  opposite  to  the  place.  By 
the  meridian  of  a  place,  geographers  and  astronomers  often  mean 
that  semicircle  which  passes  through  the  place,  and  which  may  there- 
fore be  called  the  geographical  meridian.  All  places  lying  under 
thb  semicircle  are  said  to  have  the  same  meridian ;  the  semicircle 
4)pposite  to  thb  b  called  the  opposite  meridian.  The  meridians  are 
thus  immovably  fixed  to  the  earth  as  much  as  the  places  themselves 
en  its  surface,  and  are  carried  along  with  it  in  its  diurnal  rotation 
When  the  geographical  meridian  of  any  place  is,  by  the  rotation  o( 
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theeartlif  brongbt  to  point  at  the  sun,  k  b'lMkoti  or  nud-dat  at  Atf 
plaoe^  in  which  case,  were  the  plant  of  the  dide  ctteaded,  ftwodkl 
past  through  the  middle  of  the  lumhuury^s  dbk.  ^  Suppodng  tbepliar 
of  the  meridians  to  be  extended  to  the  sphere  of  the  fixed  fltan^  ti 
that  case,  when  by  the  rotation  of  the  earth'  the  meridhm  CMiMt  h 
any  point  m  the  heavens,  then,  from  t!h^  appafent  motion  of  th^ 
heavens,  that  point  is  said  to  come  to  tlie  meridian.  The  rofatios 
of  the  earth  is  west  to  east ;  whence  the  edestia!  bodies  appear  t» 
move  the  contrary  way.  East  and  west,  however,  are  teniw  merrif 
rdative,  since  a  place  nray  be  west  fircMH  one  part  of  the  eaiA»  andf 
east  from  anothei* ;  but  the  true  east  and  wiest  pointa  firom  any.* 
place  are  those  where  its  horiaon  cuts  the  equator. 

7.  All  places  lying  under  the  same,  meridian  are  sakT  to  have  the 
same  longitude,  and  those  which  lie  under  dHfereot  meridians  to 
have  difierent  longitudes ;  the  difference  of  loagittude  behig  reckoned 
eastward  or  westward  on  the  equator.  Tbaib  if  ^  meridian  of  anj 
place  cuts  the  equator  m  a  point  15  degrses  distant  from  one  another, 
we  say  there  is  a  difference  of  IS*  longitude  biftwkt  these  two  places. 
Geographers  usually  fix  upon  the  meridian  of  some  remarfcaUo 
place  for  the  first  meridian,  and  reckon  the  longitude  of  aN  others  hy 
the  distance  of  their  meridians  from  that  which  thev  have  deter* 
mined  upon  as  the  first;  measuring  sometimes  eastward  on  Ae 
equator  all  round  the  globe,,  or  sometimes  only  one-half  east  and  the 
other  west ;  according  to  which  lasl  measurement  no  place  can  hare 
more  than  ISO*"  longitude  either  east  or  west.  By  the  ancient  Greek 
geographers  the  first  meridian  was  placed  in  Hera  or  Junonia,  ooe 
of  the  Fortunate  Islands,  as  tbcy  were  then  called,  which  is  supposed 
to  be  the  present  island  of  Tenerifie,  one  of  the  Canaries.  Tlese 
islands,  being  the  most  westerly  part  of  the  earth  then  known,  were 
on  that  account  made  the  seat  of  the  first  meridian,  the  longitude  of 
all  other  places  being  counted  eastward  from  them.  Among  mo- 
dern geographers  indeed,  it  is  now  become  customary  for  eadi  t^ 
make  the  first  meridian  pass  through  the  capital  of  Ms  own  coun- 
try ;  a  practice,  however,  which  is  certainly  improper,  as  it  is  thus 
impossible  for  the  geographers  of  one  nation  to  understand  the  mq>s 
of  another  without  a  troublesome  calculation,  which  answers  no 
purpose.  By  the  British  geographers  the  royal  observatory  al 
Oreenwich  is  accounted  the  place  of  the  first  meridian. 

8.  If  we  suppose  12  great  ctrdea^  one  of  which  is  the  meridlaa  to 
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«  given  place»  to  iutersect  each  other  at  the  poles  of  the  earth,  and 
.  divide  the  equator  into  34  equal  parts,  these  are  the  hour-circles  of 
that  place.  These  are  by  the  poles  divided  into  24  semicircles,  cor* 
responding  to  the  24  hours  of  the  day  and  night.  The  distance 
betwixt  each  tivo  of  these  semicircles  is  15^  being  the  24th  part  of 
360 ;  and  by  the  rotation  of  the  earth  each  succeeding  semicircle 
points  at  the  sun  one  hour  after  the  preceding ;  so  that  in  24  hours 
all  the  seinicircles  point  successively  at  the  sun.  Hence  it  appears, 
that  such  as  have  their  meridian  15^  east  from  any  other  have  like- 
wise noon  one  hour  sooner,  and  the  contrary ;  and  in  like  manner 
every  other  hour  of  the  natural  day  is  an  hour  sooner  at  the  one 
place  than  at  the  other.  Hence,  from  any  instantaneous  appearance  in 
the  heavens  observed  at  two  distant  places,  the  difference  of  longi- 
tude may  be  found,  if  the  hour  of  the  day  is  known  at  each  place. 
Thus  the  beginning  of  an  eclipse  of  the  moon,  when  the  luminary 
first  touches  the  shadow  of  the  earth,  is  an  instantaneous  appearance, 
as  also  the  end  of  an  eclipse  of  this  kind,  when  the  moon  leaves  the 
shadow  of  the  earth,  visible  to  all  the  inhabitants  on  that  side  of  the 
globe.  If  therefore  we  find,  that  at  any  place  an  eclipse  of  the  moon 
begins  an  hour  sooner  than  at  another,  we  conclude  that  there  is  a 
difference  of  15^  of  longitude  between  the  two  places.  Hence  also 
were  u  man  to  travel  or  sail  round  the  earth  from  west  to  east,  he 
would  reckon  one  day  more  to  have  passed  than  they  do  who  stay  at 
the  place  whence  he  set  out ;  so  that  their  Monday  would  be  his 
Tuesday,  &c.  On  the  other  hand,  if  he  sails  westward,  he  will 
reckon  a  day  less,  or  be  one  day  in  the  week  later,  than  those  he 
leaves  behind 

9.  The  equator  divides  the  earth  into  two  hemispheres,  called  the 
northern  and  southern ;  all  places  lying  under  the  equator  are  said 
•to  have  no  latitude ;  and  all  others  to  have  north  or  south  latitude 
according  to  their  situation  with  respect  to  their  equator.  The  la- 
titude itself  is  the  distance  from  the  equator  measured  upon  the 
meridian  in  degrees,  minutes,  and  seconds.  The  complement  of 
latitude  is  the  difference  between  the  latitude  itself  and  90",  or  as 
ttuch  as  the  place  itself  is  distant  from  the  pole ;  and  this  comple- 
ment is  always  equal  to  the  elevation  of  the  equator  above  the 
horiieon  of  the  place.  The  elevation  of  the  pole  of  any  place  is  equal 
to  the  latitude  itself. 

/In  hihabitant  of  the  earth  who  lived  (i(  it  were  possible)  at  eitliei 
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of  tbe  poict  woold  hafc  ilways  one  of  the  cdeitiil  poles  io  faii  » 
nitb*  and  the  other  in  hit  nadir,  the  cqoator  coinriding  with  tit 
iiorison.  Hence  all  the  celettial  paralleb  are  alto  pandld  to  dbelw' 
riaon;  whence  tbe  pcrton  b  taid  to  liTe-in  a  parallel  qpbeve,  or  It 
haTe  a  parallel  horiaon. 

Those  who  live  under  the  equator  have  both  polet  in  the  huiiMi 
all  tbe  celestia]  parallels  cutting  the-horiioii  at  ^fat  angkt ;  wiiCMt 
thej  are  said  to  Uve  in  a  right  sphere,  or  to  have  a  right  horiaon. 

Lastly,  those  who  lire  between  either  of  the  poks  and  the  equator, 
art  said  to  live  hi  an  oblique  sphere,  or  to  hate  an  oUiqae  koiwNH 
because  the  celestial  equator  cuts  their,  horiaon  obliqnelj,  and  all 
the  parallekin  the  celestial  sphere  have  tbmr  planet  oblique  to  tfatt 
of  the  horiaon.  In  this  sphere  some  of  the  paralleb  interaect  the 
horiaon  at  oblique  angles,  some  are  entirely  abore  it,  and  tome  c» 
tirely  below  it ;  all  of  them,  howevert  to  titoaled,  that  thejr  would 
obliquely  intersect  the  plane  of  the  horiaao  catended. 

The  largest  parallel  which  appears  eutha  above  the  horiaon  of  aay 
place  ui  north  latitude  is  called  by  the  andent  atlrononien  tbe  arctic 
circle  of  that  place;  within  this  circle*  that  it,  between  it  and  the 
arctic  pole,  are  comprehended  all  the  ttart- which  never  tet  in  that 
place,  but  are  canied  perpetually  round  the  horiaoo  in  circlet  pa- 
rallel  to  the  equator.  The  largett  parallel  which  it  hid  cntiwly 
below  the  horiaon  of  any  place  in  north  latitude  wat  called  the  aa- 
tarctic  cncle  of  that  place  by  the  ancients.  This  circle  compiebeudt 
all  the  stars  which  never  rise  in  that  place,  but  are  carried  perpe* 
tually  round  below  the  horizon  in  circles  parallel  to  the  equator.  la 
a  parallel  sphere,  however,  the  equator  may  be  coosidered  as  both 
arctic  and  antarctic  circle ;  for,  being  concideat  with  the  horison, 
all  the  paralleb  on  one  side  are  entirely  above  it,  and  those  on  the 
otber  entirely  below  it.  In  an  oblique  sphere,  the  nearer  any  place  ii 
to  either  of  tbe  poles,  the  larger  are  the  arctic  and  antarctic  circle^ 
as  being  nearer  to  the  celestial  equator,  which  b  a  great  circle*  la  a 
right  sphere,  tbe  arctic  and  antarctic  circles  have  no  place,  because 
no  parallel  appears  either  entirely  above  or  below  it.  By  the  ardic 
and  antarctic  circles,  however,  modem  geographers  in  general  under- 
stand two  fixed  circles  at  the  dbtance  of  33}  degreet  from  the  pole. 
Theie  are  supposed  to  be  described  by  the  poles  of  the  edqptic,  aad 
mark  out  the  space  all  round  the  globe  where  the  aon  appears  t» 
touch  tbe  horiaon  at  nudn^ht  m  the  tununer  timet  and  to  be  en* 
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ttrely  wmk  M&w  it  in  the  winter.    These  are  abo  called  the  polar 
circles. 

Accovdhig  to  the  difierent  positiens  of  the  globe  with  regard  to 
the  sun,  the  celestial  bodies  wiH  exhibit  difierent  ^cnomena  to  the 
inhabitants.   Thus,  in  a  parallel  sphere,  they  will  appear  to  move  in 
circles  round  the  horixon;  in  a  right  sphere  they  would  appear  to 
rise,  and  set  as  at  present,  but  always  in  circles,  cutting  the  horizon 
at  right  angles;  but  in  an  oblique  sphere  the  angle  varies  according 
to  the  degree  of  obliquity,  and  the  position  of  the  axis  of  the  sphere 
with  regard  to  the  sun.    Hence  we  easily  perceive  the  reason  of  the 
sun's  continual  change  of  place  in  the  heavens;  but  though  it  is  cer- 
tain that  thu  change  takes  place  every  moment,  the  vast  distance  of 
the  luminary  renders  it  imperceptible  for  some  time,  unlets  to  very 
nice  astpnomical  observen.   Hence  we  may  generally  suppose  the 
place  of  the  sun  to  be  the  same  for  a  day  or  two  together,  though 
in  a  considerable  number  of  days  it  becomes  exceedingly  ob? ious  to 
every  body.    When  he  appears  in  the  celestial  equator,  hb  motion 
appears  for  some  time  to  be  in  the  plane  of  that  circle,  though  it  is 
certam  that  his  place  there  u  only  for  a  single  moment ;  and  in  like 
manner,  when  he  comes  to  any  other  point  of  the  heavens,  hb 
apparent  diurnal  oMtion  b  in  a  parallel  drawn  throughout    Twice 
a  year  he  b  in  the  equator*  and  then  the  days  and  nights  are  nearly 
equal  all  over  the  earth.  Thb  happens  in  the  months  of  March  and 
September,  after  which  tha  sun  proceeding  either  northward  or 
southward  according  to  the  season  of  the  year  and  the  position  of 
the  observer,  the  days  become  longer  or  shorter  than  the  nights, 
and  summer  or  winter  is  introduced  accordingly.    The  secession  of 
the  sun  from  the  equator  either  northward  or  southward  b  called 
hb  declination,  and  b  either  north  or  south  according  to  the  season 
of  the  year ;  and  when  thb  dediuation  b  at  its  greatest  height,  he  is 
then  said  to  be  in  the  tropic,   because  he  begins  to  turn  back 
(the  word  tropic  being  derived  from  the  Greek  rfnrctf,  io  turn 
round,)    The  space  between  the  two  tropics,  called  the  torrid 
zone,  extends  for  no  less  than  47  degrees  of  latitude  all  round  the 
globe  I  and  throughout  the  whole  of  that  space  the  sun  b  vertical 
to  some  of  the  inhabitants  twice  a  year,  but  to  those  who  liva 
directly  under  the  tropiics  only  once.    Throughont  the  whole  torrid 
;M>ne  also  there  is  little  difierence  between  the  length  of  the  days  ani( 
AJghts^    T)ie  ancient  geographen  found  themselves  considerably 
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dBbarnwed  a  their  Bttempbto  fi»  Ibe  BKlkeni  tr«|^  ;  £ltthoi^ 
Ihey  took  a  wy  proper  method,  namcl^r,  to  obsem  Hw  MtA 
tior'tlMTly  place  whvie  objects  had  no  ihadow  on  a.  oertaim  i^,  ytt 
tbey  fouud  that  on  the  same  da>  no  sbadow  was  cut  far  a.^MC3e  oC 
no  less  than  300  stadia.  The  reason  of  this  was,  the  appanat  d»- 
meteJ'  of  the  sun,  whkb,  being  abonl  half  a  degree,  •eenwdtMesleiMl 
binuelfoveras  much  of  the  suiface  of  the  earth,  and  to  be  vettical 
cver^  where  witbin  that  spuce. 

When  the  sun  Is  in  or  near  the  equator,  he  seems  to  change  his 
pluce  ill  llii  heavens  most  rapidlji ;  so  that  about  the  ecjiiiaoxes  me 
niaj'  ven  easily  perceive  the  difference  iti  a  ddy  or  two  ;  but  u  be 
approaches  the  tto|>ica,  this  apparent  change  becomes  gradually 
slower,  so  thai  for  ii  number  ot'  duys  he  scarcely  seems  to  move  it 
all.  The  reas<>ii  of  Ihis  inxy  easily  be  understood  from  any^ap  on 
uhkb  the  ecliptic  is  delineuteil ;  for  by  drawing  lines  through  every 
degree  of  it  parallel  to  the  equator,  we  shall  perceive  them  gradually 
approach  nearer  atid  iiearei  each  olher,  unlU  at  last,  when  we  ap- 
proach the  point  of  coniuct  betwixt  the  ecliptic  and  tropic,  they 
can  fur  seveml  degrees  scarcely  be  dbtingui^bed  at  all. 

From  an  observation  of  tlie  diversity  in  the  length  of  tbe  days  and 
nights,  llie  rising  and  selling  of  the  sun,  with  the  other  phenomena 
already  lucniioned,  the  ancient  geographers  divided  (be  surface  of 
the  earth  into  certain  districts,  which  they  called  climates;  and  in- 
stead of  the  method  of  describing  the  situation  of  places  by  their 
latitude  and  longitude  as  ue  do  now,  they  conteuttd  tbamselvei 
with  iiientiuning  the  climate  in  which  they  weic  situated. 

This  melhod  of  dividing  the  surface  of  the  earth  into  climates, 
V  very  niiicli  diiuaeil,  lius  been  adopted  by  s' 
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aiid  the  poles  are  caUed  mooth-elimates.  In  commoo  lauguage*  how- 
ever^  we  take  the  word  climate  in  a  very  different  sense ;  so  that 
when  two  countries  aw  said  to  be  in  different  dimatest  we  under- 
stand only  that  the  temperature  of  the  air,  seasons^  &€•  are 
different. 

From  the  difference  in  the  length  and  positions  of  the  shadows  of 
terrestrial  subslanoes^  ancient  geographers  have  given  different  terms 
-to  the  inhabitants  of  certain  places  of  the  earth :  the  reason  of  which 
will  be  easily  understood  from  the  following  considerations :  1  •  Since 
the  sun  in  his  apparent  annualltvolution  never  removes  fiirther  from 
the  equator  than  23^  degrees,  it  follows^  that  none  of  those  who  live 
without  tliat  space,  or  beyond  the  tropics,  can  have  tlie  lununary 
vertical  to  them  at  any  season  of  the  year.    2.  All  who  live  between 
the  tropics  have  the  sun  vertical  twice  a  year,  though  not  all  at  the 
same  time*    Thus,  to  those  who  live  directly  under  the  equator,  he 
is  directly  vertical  in  March  and  September  at  the  time  of  the  eq]uii« 
nox.    If  a  place  b  in  10^  north  latitude,  the  sun  b  vertical  when  he  « 
has  10^  north  declination,  and  so  of  every  other  place.    3.  All  wha 
live  between  the  tropics  have  the  sun  at  noon  sometimes  north  and 
sometimes  south  of  tlienu    Thus  those  who  live  in  a  place  situated 
iu  20^  north  latitude  have  the  sun  at  noon  to  the  northward  when  he 
has  more  than  20**  north  dedinatiou,  and  to  the  southward  when  he 
has  less.    4.  Such  of  the  inhabitauts  of  the  earth  as  live  without  the 
tropics,  if  in  the  northern  hembphere,  have  the  sun  at  noon  to  the 
southward  of  them,  but  to  the  northward  if  in  the  southern  hemi- 
sphere.—J  •  Hence  when  the  sun  b  in  the  zenith  of  any  place,  the 
shadow  of  a  man  or  any  upright  object  £slb  directly  upon  the  place 
where  they  stand,  and  consequently  is  invbible ;  whence  the  inhabi- 
tants of  such  phices  were  called  Ascii,  or  witlioul  shadowSi    2.  Thofts 
who  live  between  the  tropics,  and  have  the  sun  sometimes  to  the 
north  and  sometimes  to  tlie  soutli  of  them,  have  of  consequence  their 
'shadows  projccdng  north  at  some  seasons  of  the  year,  and  south  at 
others,  whence  they  were  called  Amphiscii,  or  having  two  kinds  of 
shadows.    3.  Those  who  live  without  the  tropics  have  thar  noon- 
shadows  always  the  same  way,  and  are  therefore  called  Heteroscii, 
that  is,  having  only  one  kind  of  shadow.    If  they  be  in  north  kiti- 
tude,  the  shadows  are  always  tnmed  towards  the  north,  and  if  in  the  - 
southern  heaispbere,  towards  the  south,    i.  When  a  place  b  so  far 
dbtant  bqm  the  equator  that  the  days  ai«  twenty-four  homs  loi^ 


314  BOOTftlNS  or  TBB 

or  hmger,  the  inliabitintB  were  called  P^risdubectiite  their  ifaidow 
ton  roood  them. 

Names  have  Hkewiae  been  jmposed  upoo  the  nhalntiBts  of  dH^ 
ferent  parts  of  the  earth,  from  the  paralleb  of  htttude  m^^  wUch 
they  live,  and  their  situation  with  segarri  toooe  another.  l.Tboae  who 
lived  at  distant  places,  but  under  the  same  parallei,  have  been  called 
Ttmtd,  that  is,  living  under  the  same  circle.  Some  writen^  how- 
ever,  by  the  name  of  Perised  distinguish  those  who  live  oader  oppo* 
^  points  of  the  same  parallel,  where  the  noon  of  ooe  is  the 
midnight  of  the  other.  2.  When  two  places  lie  under  paralleb 
equally  distant  from  the  equator,  but  in  opposite  hemispheres,  the  ifr> 
habitants  have  been  called  Antaeci.  Tiiese  have  a  similar  increase  of 
days  and  nights,  and  similar  seasons,  but  in  opposite  months  of  the 
year.  According  to  some,  the  Antsci  are  silch  as  Uve  under  the  same 
geogi^hical  meridian,  and  have  day  and  n^ght  at  the  same  time.  3.  If 
two  places  be  in  parallels  equally  dbtant  from  the  equator,  and  in  op- 
posite meridians,  the  inhabitants  have  been  denominated  Antipodei^ 
that  b,  persons  having  their  feet  opposite  to  one  another.  MThea 
two  persons  are  Antipodes^  the  zenith  of  the  one  Is  the  nadir  of  the 
other.  They  have  a  like  elevation  of  the  pde,  but  it  is  of  dUeienl 
poles ;  they  have  also  days  and  nights  alike,  and  shnilar  seasons  of 
the  year,  but  they  have  opposite  hours  of  the  day  and  night,  as  wdl 
as  seasons  of  the  year.  Thus,  when  it  is  mid-day  with  us,  it  is  mid- 
night with  our  Antipodes ;  when  it  is  summer  with  us,  it  b  winter 
with  them,  &c 

From  the  various  ap|)earances  of  the  sun,  and  the  effects  of  hii 
light  and  heat  upon  different  parts  of  the  earth,  the  dirbioo  of  it 
into  cones  has  arisen.  These  are  five  in  number.  I.  The  torrid 
sone,  lying  between  the  two  tropics  for  the  space  of  47^  of  latitude. 
Thb  b  divided  into  two  equal  parts  by  the  equator,  ft.  The  two 
temperate  zones  lie  between  the  polar  circles  and  the  tropics,  con- 
taining a  space  of  48*  of  latitude.  And,  3.  The  two  frigid  zones 
lie  between  the  polar  circles  and  the  poles.  In  these  last  the  long- 
est day  is  never  below  twenty-four  hours ;  in  the  temperate  zones  it 
b  never  quite  sq  much,  and  in  the  torrid  zone  it  b  never  above  four- 
teen. The  zones  are  named  from  the  degree  of  beat  they  were 
supposed  to  be  subjected  to.  The  torrid  zone  was  suppoaed  by  the 
ancients  to  be  uninhabitable,  on  account  of  its  heat ;  but  thb  b  nam 
found  to  be  a  mbtake,  and  meny  parts  of  the  temperate  jsimct  Hi 
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Inore  intolefaUe  m  this  respect  than  the  torrid  sone  itself.  Towards 
the  polar  circles  also  these  zones  are  intolerably  cold  daring  the 
winter  season.  Only  a  small  part  of  the  northern  frigid  zone^  and 
none  of  the  sonthem,  is  inhabited.  Some  geographers  reckoned 
six  zones,  dividing  the  torrid  zone  into  two  by  the  equator. 

Beside  these,  there  are  other  technical  terms  belon^ng  to  geo« 
graphy  which  it  \a  necessary  to  explain :  some  of  these  have  relation 
to  the  earth,  and  others  to  the  water. 

A  continent  is  a  large  portion  of  the  earth,  which  comprehends 
several  countries  that  are  not  separated  by  any  sea ;  such  are EuropCf 
Asia,  Africa^  and  America.  An  island  is  a  part  of  the  earth  which 
is  entirely  surrounded  by  water;  as  Great  Britain.  A  penmsuhi  is  a 
tract  of  land  almost  surrounded  with  water^  and  b  joined  to  a  conti* 
nent  only  by  a  narrow  slip  or  neck ;  such  b  the  Morea  in  Greece. 
An  bthmus,  or  neck  of  land,  b  that  part  by  which  a  peninsula  b 
joined  to  a  continent,  or  two  contioents  together ;  as  the  bthmus  of 
Suez,  which  joins  Africa  to  Asia,  A  promontory,  or  cape,  b  a 
high  part  of  land  which  stretches  into  the  sea :  thus  the  Cape  of 
Good  Hope  b  a  promontory.  An  ocean  b  a  vast  collection  of  waters 
surrounding  a  considerable  part  of  a  continent ;  as  the  Atlantic. 
A  sea  b  a  smaller  collection  of  waters ;  as  the  Black  Sea.  A  gulf  is 
a  part  of  the  sea  which  b  nearly  surrounded  with  land  ;  as  the  gulf  of 
Venice.  A  bay  has  a  wider  entrance  than  a  gulf;  as  the  Bay  of 
Biscay.  A  strait  is  a  narrow  passage  that  joins  two  seas;  as  the 
Strait  of  Gibraltar,  which  joins  the  Mediterranean  to  the  Atlantic, 
A  lake  b  a  large  collection  of  water  entirely  surrounded  by  land, 
having  no  visible  communication  with  the  sea ;  as  the  Windermere,  in 
Cumberland.  A  river  b  a  large  stream  of  water  that  has  its  source 
from  a  springs  which  keeps  constantly  running  till  it  ialls  mto  some 
wider  river,  or  into  the  sea. 

In  a  popular  point  of  view,  geography  admits  of  three  divisions : 

1.  The  ancient  or  classical^  which  describes  the  state  of  the  earth, 
not  extending  farther  than  the  500th  year  of  the  Christian  lera. 

2.  That  of  the  nuddle  ages,  which  reaches  to  the  fifteenth  century, 
when  the  discoveries  of  the  Portuguese  began  to  lay  broader  fomi- 
dations  for  thb  science.  3.  Modern  geography,  the  chief  olyect  of 
which  is  to  present  the  most  recent  and  authentic  Information  con* 
ceming  the  nations  and  states  which  divide  and  diversify  the  earth* 
In  some  instances  natural  bairieia  have  divkted,  and  contmue  to 
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divide^  miUons;  butmgeoenlthebowidaimveafbitni^ 
the  utand  geography  of  a  country  may  be  regpurded  as  a  leyKl  ti 
the  sckiicej  which  is  chiefly  occupied  ia  describing  thf  dime  ■!!■ 
of  nations^  and  the  coaditioiis  of  the  vanons  vaoes  of  maiddad. 

The  ancients  considered  the  globe  under  the  three  grand  diiisioas 
of  Asia,  Europe,  and  Africa.  Here  the  distinctions  wera  aifaitrai7» 
psthey  often  included  Egypt  under  Asia,  and  they  had  not  disco- 
vered the  limits  of  Europe  toward  the  noith-east.  hMtm  dtfco- 
f^ries  have  added  a  fourth  divisbn,  that  of  America,  which  eioeed- 
ing  even  Asia  in  sine,  might  have  been  admitted  under  two  gnmd 
and  distinct  denomioatioos,  limited  by  the  isthnws  of  Darien.  Till 
within  these  last  thirty  years  it  was  supposed  that  a  vast  continent 
eaisted  in  the  south  of  the  globe  \  but  the  second  navigation  of 
captain  Cook  dispelled  the  idea,  and  demonsfiated,  that  if  any  oon* 
tinent  existed  there,  it  must  be  in  the  uninhabitable  ice  of  the  sooth 
|)ole.  The  vast  extent  of  New  HoUaad  rewarded  the  views  of 
enterprise ;  this,  which  seems  too  large  io  be  classed  among  island^ 
has  been  ranked  as  a  fifth  division  of  the  globe  by  various  gco» 
grapbers  of  the  present  day,  and  distinguished  by  the  name  of 
Aiuiralmat  which  term,  however,  includes  also  the  endrding 
iilands. 

Of  the  grand  divisions  of  the  earth,  Asia  has  ever  been  esteemed 
the  most  populous;  and  is  supposed  to  contain  five  hundred  miliiom 
of  souls^  if  China,  as  has  been  averred  by  the  latest  writers,  com- 
prises  three  hundred  and  thirty  millions.  The  population  of  Africa 
may  be  estimated  at  thirty  millions^  of  America  at  twenty  million^ 
and  one  hundred  and  fifty  millions  may  perhaps  be  ass^ed  to 
Europe.   . 

Biodem  discoveries  have  evinced  that  more  than  two*thirds  of  the 
globe  is  covered  with  water,  wliich  is  contained  in  hollow  spaces,  or 
concavities,  more  or  less  large.  But  the  chief  convexities  or  piota- 
berances  of  the  globe  consist  of  elevated  uplands,  sometunes 
crowned  by  mountains,  sometimes  rather  level,  as  the  extensive  protu* 
berance  of  Asia.  In  either  case,  long  chains  of  mountains  conunoofy 
proceed  from  those  chief  convexities  in  varbus  directions^  and  the 
principal  rivera  usually  spring  from  the  most  elevated  grounds. 

The  grandest  concavity  of  this  globe  is  filled  by  the  Ricific  Ocean; 
ofcupyiug  nearly  half  its  surface  from  the  eastern  shores  of  New 
Holland,  to  the  western  coast  of  Amflrioa,  and  diversified  with 
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tal  groups  of  islands,  which  seem  in  a  nrtnner  the  summits  of  mA 
mountains  emerging  from  the  waves.  This  ocean  receives  but  few 
rivers,  the  chief  being  the  Amur  from  Tftrtary,  the  Hoan  Ho  and 
Kian  Ku  from  China,  while  the  principal  rivers  of  America  run 
towards  the  east 

Next  to  this  in  magnitude  ia  the  Atlantic,  between  the  Old  and 
New  Continents ;  and  the  third  is  the  Indian  Ocean.  The  seas  be* 
tween  the  arctic  and  antarctic  circles  and  the  poles,  have  been  some* 
times  styled  the  Arctic  and  Antarctic  Oceans ;  but  the  latter  b  only 
a  continuation  of  the  Pacific,  Atlantic,  and  Indian  Oceans ;  while  the 
Arctic  Sea  is  partly  embraced  by  continents^  and  receives  many  im- 
portant rivers.  Besides  these,  there  are  other  seas  more  minute,  as 
the  Mediterranean,  the  Baltic,  and  others  still  smaller,  till  we  come 
by  due  gradation  to  inland  lakes  of  fresh  water. 

The  courses  of  rivers  are  sometimes  marked  by  oblong  concavr« 
ties,  which  generally  at  first  intersect  the  higher  grounds,  till  the  de* 
cHvity  becomes  more  gentle  on  their  approach  to  their  inferior 
receptacles.  But  even  large  rivers  are  found  sometimes  to  spring 
from  lowland  marshes,  and  wind  through  vast  plains,  unaccompanied 
by  any  concavity,  except  that  of  their  immediate  course ;  while  on 
the  other  hand,  extensive  vales,  and  low  hollow  spaces,  frequently 
occur  destitute  of  any  stream.  Rivers  will  also  sometimes  force  a 
passage  where  nature  has  erected  mountains  and  rocks  against  it,  and 
where  the  concavity  woold  appear  to  be  in  another  direction,  which 
the  river  might  have  gained  with  more  ease.  In  like  manner, 
though  the  chief  mountains  of  Europe  extend  in  a  south-easterly 
and  north-westerly  direction,  yet  there  are  so  many  exceptions,-  and 
such  numerous  and  important  variations  ra  other  parts  of  the 
globe,  as  to  render  any  attempt  at  a  general  theory  vain.' 

From  the  vast  expanse  of  oceanic  waters,  arises  in  the  ancient  he- 
mispliere,  that  wide  continent,  which  contains  Asia,  Europe,  and 
Africa ;  and  in  the  modem  hemisphere,  the  continent  of  America, 
which  forms  a  kind  of  separate  island,  divided  by  a  strait  of  the  sea 
from  the  ancient  continent.  In  the  latter  many  discoveries  of  great 
importance  to  geography,  are  of  very  recent  date,  and  it  is  not 
above  sixty  years  since  we  obtained  an  imperfect  idea  of  the  extent 
of  Siberia  and  the  Russian  empire,  nor  above  twenty-five  since 
ample,  real,  and  accurate  knowledge  of  these  wide  regions  began  to 
be  diffused.  So  that,  in  truth,  America  may  be  said  to  have  been 
diKovered  by  Europeans  before  many  parts  of  Asia;  and  of  Africa 
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oiar  knowMge  continues  imperfect,  while  the  ktcit  obeertattoov 
imtead  of  ^imiQishingv  ntber  increnie  our  idea  of  ks  extent/  at 
leait  in  regard  to  its  insolar  appendages. 

But  the  grandest  diTision  of  the  ancient  continent  is  An«  the  pa» 
rent  of  nations,  and  of  civilisation :  on  the  north-east  and  south, 
surrounded  hy  the  ocean ;  hut  on  the  west,  divided  bj  an  ideal 
line  from  Africa ;  and  from  Europe  hj  bomidaries  not  very  stroogljr 
impressed  by  the  hand  of  nature.  The  Rusnan  and  the  Turkish 
empires,  extending  over  faufe  portions  of  hoth  continent^  irtiantely 
connect  Asia  with  Europe.  But  for  the  sake  of  ckamcss  and  pre- 
cision, geographers  retain  the  strict  division  of  the  ancient  continent 
into  three  parts,  which«  if  not  strictly  natuml,  b  ethical,  as  the  man- 
ners of  the  Asiatic  subjects  of  Russia,  and  even  of  Turkey,  differ 
considerably  from  those  of  the  European  inhabitants  of  those 
empues. 


CHAP.  VI. 

SVBTEKRANEAN  PHJiBOMSNA  OF  THB  OLOBB. 


It  is  only  the  mere  surface  or  solid  crust  of  the  globe  of  which  tke 
mgenuity  of  man  has  hitherto  been  able  to  obtain  any  degree  of 
knowledge :  of  the  centre,  or  even  the  parts  below  the  suriace, 
we  are  totally  ignorant.  So  far,  however,  as  we  have  been  able  to 
examine  into  the  nature  of  its  contents  and  structure  by  means  of 
rivers,  ravines,  miues^  earthquakes,  and  other  causes,  it  consbts  of 
immense  masses  of  rocks  and  veins ;  of  volcanoes  and  other  caverns ; 
of  wells,  streams,  and  peculiar  exhalations;  of  metallic  mines  and 
petrified  fossils  ;  and  of  whole  towns  and  forests  subverted  and  in  a 
state  of  ruins.  To  each  of  these  we  shall  direct  the  reader's  atten« 
tion  in  the  subsequent  chapters  of  the  book  before  us,  and  nearly  in 
the  order  in  which  we  have  thus  enumerated  them,  and  shall  at  the 
same  time  take  a  glance  at  whatever  else  may  incidentally  occur  to 
us,  whether  of  natural  or  artificial  origin,  that  from  its  form,  rarity, 
or  any  other  circumstance,  may  be  an  object  worthy  of  general  •(» 
tentioo.^£4'/or. 
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CHAP.  VII. 

ROCKS  AND  VEINS. 


X  SB  Stony  masses  of  which  the  earth,  as  far  as  we  know  it,  is 
composed,  are  numerotts»  and  they  are  found  laid  one  above 
another ;  so  that  a  rock  of  one  kind  of  stone  is  covered  by  another 
species  of  rock,  and  this  by  a  third,  and  so  on.  Now  in  this4uperpo< 
sition  of  rocks  it  has  been  observed,  that  their  situation  is  by  no 
means  arbitrary ;  every  one  occupies  a  determinate  place,  so  that  they 
follow  each  other  in  regular  order  from  the  deepest  part  of  the 
earth's  crust,  which  has  been  examined,  to  the  very  surfice.  Thus 
there  are  two  things  respecting  rocks  which  claim  our  attention ; 
namely,  their  composifion,  and  their  relative  situation.  But  besides 
the  rocks  which  constitute  almost  the  whole  of  the  earth's  crust, 
there  are  masses  which  must  also  be  considered.  These  traverse 
the  rocks  in  a  different  direction,  and  are  known  by  the  name  of 
\iins,  as  if  the  rocks  had  split  asunder  in  different  places  from  top 
to  bottom,  and  the  .chasm  had  been  afterwards  filled  up  with  the 
matter  which  constitutes  the  vein. 

Thus  it  appears,  that  when  we  consider  compound  minerals,  or 
rocks,  the  sidiject  naturally  divides  itself  into  three  parts ;  namely, 
1.  The  structure  of  rocks ;  2.  The  situation  of  rocks ;  3.  Veins. 
These  shairform  the  subject  of  the  three  following  sections. 

Sect.  I.— Q/*  the  Strucfure  of  Rocks. 

Rocks  may  be  divided  into  two  classes ;  viz. 
L  Simple,  or  composed  of  one  mmeral  substance. 
II.  Compound,  or  composed  of  more  than  one  mineral  sub* 
stance. 
Compound  rocks  are  of  two  kinds ;  namely, 
I.  Cemented ;  composed  of  grains  agglutinated  by  a  cement,  as 

iojul-itone, 
IL  Aggregated ;  composed  of  parts  connected  together  without 
a  cement,  as  granite. 
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Tke  Hggregated  rocks  are  likewise  of  two  kinds ;  namely^ 

I.  iDdetemiiDate. 

Only  one  instance  of  this  kind  of  aggregation  has  hitherto  occor- 
red»  namely  in  the  older  serpentine,  where  limestone  and  serpentiof 
are  so  conjoined,  that  it  is  difficult  to  say  which  predominates. 

II.  Determinate. 

The  determinate  are  either,  I.  Srogle  aggregated ;  or»  II.  Double 
aggregated* 

There  are  four  kinds  of  smgle  aggregated  rocks  ;  namely, 
!•  Granular  j  composed  of  grains  whose  length,  breadth,  and  Aick- 
ness  are  nearly  alike,  and  which  are  of  contemporaneons  for* 
matioki.    As  granite,  sienite. 
%  Slaty ;  composed  of  plates  laid  above  each  other;  as  mica  $hie. 

3.  Porphyritic  j  composed  of  a  compact  ground,  containing  in  it 

crystals  which  appear  to  hare  been  dqiosited  at  the  time  the 
rock  was  formed  ;  as  common  porphyry* 

4.  Amygdaloidal ;  composed  of  a  compact  ground,  containing  in  if 

Vesicles  which  appear  to  have  been  afterwards  filled  up  3  as 
afhygdalM, 
There  are  five  kinds  of  double  aggregated  rocks  i  namely, 

1.  Granular  slaty  $  composed  of  slaty  masses  laid  on  each  other. 

Every  mdividual  slate  is  composed  of  grains  cohering  together  ; 
or  it  is  slaty  in  the  great,  and  granular  in  the  small  |  a^eisi. 

2.  Slaty  granular ;  composed  of  large  granular  masses  cohering  to- 

gether 3  each  grail)  is  composed  of  plates  3  or  the  rock  is  gra- 
nular in  the  great,  and  slaty  in  the  small ;  as  topaz  rock. 

3.  Granular  porphyritic  -,  granular  in  the  small,  and  porphyntfc  in 

the  great ;  as  granite,  greenstone  frequentiy. 

4.  Slaty  porphyritic  ;  slaty  in  the  small,  porphytitic  in  the  great ; 

as  mica  slate  frequently. 

5.  Porphyritic  and  amygdaloidal ;  a  mass  porphyritic  and  amygda* 

loidal  at  the  same  time ;  as  amygdcdoid  ditid  basalt  frequently. 
Such  are  the  difierent  kinds  of  structures  of  rocks  hitherto  ob- 
served and  described.    The  following  Table  will  give  the  reader  a 
synoptical  view  of  these  different  kinds  of  structure : 

I.  Simple  rocks 

II.  Compound  rocks 
A.  Cemented 
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B.  Aggiegated 
a.  IndetenuiBate  .  / 

h*  OetcnniiMite 
I.  Single 
!•  Granular 

2.  Slaty 

3.  Porpbyride 

4.  Amygdaioidal 
XL  Doable 

1.  Granular  slaty 

2.  Slaty  granular 

3.  Granular  porphyritk 

4.  Slaty  porphyritic 

5.  Porphyritic  and  amygdaioidal 

Sect.  IL-^O/ths  relaiiue  Situation  of  Bocks. 

The  rocky  masses,  or  rocks,  hitherto  observed,  amount  to  about 
sixty.  Of  these  rocks,  variously  placed  over  each  other,  the  whole 
crust  of  the  earth  is  composed,  to  the  greatest  depth  that  the 
industry  of  man  has  been  able  to  penetrate ;  and  witb  respect  to  each 
other,  they  occupy  for  the  most  part  a  determinate  situatioo,  which 
holds  invariably  m  every  part  of  the  earth.  Thus  lime-stone  is  no 
where  found  under  granite,  but  always  above  it.  Were  we  to  sup* 
pose  every  particular  rock,  or  layer^  which  constitutes  a  part  of  the 
earth's  siurface  to  be  extended  round  the  whole  earthy  and  to  be 
wrapped  round  the  central  nndeus,  like  ,the  coat  of  an  oniony  in 
that  case  every  rock  would  be  constantly  found;  one  species 
wouM  be  always  lowest  or  nearest  the  centre }  another  ipecies 
would  uniformly  rest  upon  this  first ;  a  third  upon  the  second,  and 
io  on*  Now,  though  the  rocks  do  not  m  reality  extend  round  the 
earth  in  this  uninterrupted  manner ;  though,  partly  from  the  in* 
equality  of  the  nucleus  on  which  they  rest,  |iartly  from  their  own 
inequality  of  thidmess  m  difierent  [daces,  and  partly  £rom.  other 
causes^  the  continuity  is  often  interrupted ;  yet  still  we  can  trace 
enough  of  it  to  convince  us  that  the  rocks  which  constitute  the 
earth's  crusty  considered  in  a  great  scale,  are  every  where  the  sane, 
and  that  they  invariably  occupy  the  same  situation  with  respect  to 
each  other.*  Werner  has'therefore  chosen  this  relative  situation  as 
the  basis  of  bb  cbisification  of  rocks.    He  divides  them  into  five 
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TbeCuvtcTiMCttiisisU  of  those  rocks  which^  ifwewevsfsr 
suppose  escb  layer  to  be  eitended  ofto  die  whole  eerthy  moaU  m 
that  cue  lie  lowest,  or  oesorest  the  eeatre  of  all  theiocfaiwfaidi  we 
know  to  be  covered  by  aH  the  other  rocks.    The  seeoai  class  eoo- 
sists  of  those  rocks  winch  ui  that  case  would  be  Msawidhilsly  above 
the  first  class  and  cover  them.    The  Ahrd  dass  woaM  cover  the  se« 
cood  in  the  same  manner;  the  fourth  the  thbd  if  and  the  fifth  wotaU 
be  uppermost  of  all,  rad  constitute  the  hattediatarMifiM  of  the 
earth.    The  first  daas  of  rocks  are  covered  by  aB  Ihe  ral;  hot 
never  themselves  lie  over  any  other.    The  othara  lis  la  order  over 
each  other.    These  grand  classes  of  lockfr  ha  has  drwaiiaalfdjhr* 
fUmikmt,  and  dbtingnished  them  by  the  MhwJpgspMiBc  asunes^^ 

I.  Primitive  fevDMitioaa 

II.  Transition  formationa 

Ilia  FloetZf  or  horiaoRtal  feiantMis 

IV.  Allavad  formations 

V.  Vokaaic 

The  priaAifve  Ibfiaathws  are  of  course  the  loweaC  of  dljr  and  lbs 
aflwad  constitute  the  vaiy  sofiaoe  of  the  earth :  fiwr  the  vnlsBBifi  as 
is  obvious,  are  coafiaed  to  particuhr  pomts.  Not  that  the  prissUve 
are  always  at  a  great  depth  under  the  sur&oe^  very  oAm  they  are 
at  the  turfeoe,  or  even  constitute  mountaim •  fei  such  casesi  the 
other  classes  of  formations  are  wantiiig  altogether.  In  liko  wanarr 
the  tranition,  and  other  finrsMtions,  aMiy  each  in  its  tum  occapy  Ihs 
suHaee,  or  constitute  the  anss  of  a  moaataia.  In  such  case^  all  the 
subsequent  ibrmations  which  ought  to  cover  tbcai  are  wanting  in 
that  paiticuhr  spot. 

Eaeh  of  these  grand  classes  of  fiMrmations  coawts  of  a  grealar  or 
smaller  aomber  of  rocb^  which  occupy  a  deteminate  position  with 
respect  to  each  other,  and  which,  libe  the  great  formations  thsan 
selves,  may  often  be  wanting  in  partieuhr  pteces.  Let  m  tabs  a 
view  of  the  rocka  which  compose  all  these  5<iflSi>i^«*  fbnnations. 

Chiss  I.  Pfmiihe  ^trwuUioKs.  The  iwcks  which  coastftute  the 
primitive  formatkHis  are  very  mimerousw  They  have  been  divided 
therefore  into  seven  sets»  which  constitute  as  many  prioutive  ftr- 
Bsations,  and  are  distuiguisbed  each  by  the  naaie  of  that  pi»tiff4tff 
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rock  whkb  ooitfftirtct  tbt  gnatett  proportion  of  tbo  fonnatioo; 
These  seven  sets  of  primitive  formntions  are  tlie  following : 

1*  Granite  C  5.  Newest  primitive  porphyry 

3.  Gneiss  i6.  Sienite 

3.  Biica-shite  7.  Newer  seipendne, 

4.  Clay-slate 

The  granite  is  the  nndemost,  and  the  sienite  the  uppermost  of 
the  primitive  formations.  Granite  is  scarcely  mixed  with  any  other 
fock ;  but  in  gnetss,  mica-slate,  and  cky -slate^  there  occor  beds  *  of 
old  porphyry,  primitive  trap>  primitive  limestone,  old  serpgitine, 
quartz  rock.  For  that  reason  these  rocks  are  said  to  constitute 
fermatkxis  subordinate  to  gneiss,  mica-datc;  and  day-slate.  Gyp- 
sum occurs  in  beds  in  mica-slate,  and  old  flint-slate  occurs  in  the 
nme  way  in  clay«alate.  Hence  they  constitute  formations  subordi- 
nate to  mica  and  day-slate.  Thus,  besides  the  seven  principal  primi* 
live  formations,  there  occur  seven  subordinate  formations,  interspersed 
through  the  second,  third,  and  fourth  formations;  and  topaz  rock^ 
which  lies  over  gneiss  and  under  day-slate,  must  be  added  to  the 
list :  so  that  the  primitive  formations  altogether  amount  to  fifteen* 

If  we  suppose  the  nudeus  of  the  earth  to  have  been  first  fonned, 
tnd  the  formations  to  have  been  afterwards  deposited  in  succession 
opon  this  mideusy  it  will  follow  that  the  lowest  formation  is  tl|e 
oldest,  and  that  the  formations  are  newer  and  newer  according  as 
Ihqr  approadi  the  surface.  This  supposition  accounts  for  some  of 
the  aamet  given  to  the  primitive  formations.  That  porphyry,  for 
•sample^  b  considered  as  the  oldest,  which  lies  lowest  down  in  the 
aeries  of  formatipns*  and  those  formations  of  porphyry  which  lie 
neaier  the  sorfooe  are  consklered  as  newer*  Granite,  of  course^  tfi- 
coediof  to  this  way  of  speaking,  is  the  oldest  formatkm  of  all,  while 
the  aUnvial  are  the  newest  of  alL  The  followhig  Table  eahibits  a 
fl^Boptkal  view  of  the  primitive  formalkms: 


•  WImb  a  ■MW*%*"  Is  c«w9osdi  tf  kkyers  of  the  ane  kiad  of  ttine,  ft  it 
pid  to  be  itnUlfled  i  bot  whoo  the  tajen  ore  of  difereat  kiads  of  sCoae,  it 
J^  Sid  to  be  cosspoied  of  beds. 
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6.  Older  poiphyry 

7.  Priniittve  tnp 

6.  Prinulive  lune-atoar 
9.  Older  Mq>entii>e 

10.  Quailz 

11.  Gypsum 

13.  Older  flmUhte 


S.  Gnein 

3.  Mtca-ilate 

4.  Topaz  rock 

5.  Clay^late 

t3.  Newer  poTphjrr 

14.  Sieniie 

15.  Newer  serpentiue. 


Class  II.  TransHiofi  Formatwau.  HaviDg  described  tlie  primitiTC 
formatioQS,  let  us  now  proceed  to  the  second  peat  class,  the  liansi- 
tion,  which  lie  immediately  over  Ihem.  These  are  by  no  meaiu  so 
numerous,  since  they  consbt  only  of  four  sets ;  Damcly, 

1.  Grey  wacke 

2.  Tiaiisjtioii  lime-sloae 

3.  Ttausition  trap 

4.  Transition  flint-slate. 


They  all  alternate  with  each  other,  sometimes  one,  sometimes  aa- 
other  being  undermost,  except  one  bed  of  transition  lime.«tone, 
which  9«em3  always  to  rest  upon  the  primitive  formations,  sind  maji 
therefore  be  considered  as  the  oldest  of  the  transition  formations. 
It  is  in  the  transition  rocks  that  petrifactions  first  make  their  ap> 


BOCKS  AND  VEINS.  325 

fain  srethe  reroahiijof  aiiin^  sml  vegetable  species  aow  extinct  It 
is  to  the  tnnsitioB  rocks,  too,  ihst  carbonaceous  matter  makes  its 
firm  appearance  in  any  notable  quantity. 

Class  III.  ftoeix  Formaiums,  The  next  grwad  class  of  formations 
have  receifed  the  name  ofJloetK,  because  they  lie  usually  in  beds 
much  more  nearly  horiaontal  than  the  preceding.  When  not  co- 
^eied  by  a  succeeding  formation,  they  fonn  hills  which  do  not  rise 
to  the  same  height  as  the  primitive  or  transition.  They  contam 
abttudance  of  petrifoctioos ;  and  these  much  more  various  ui  their 
nature  than  those  which  occur  in  the  transition  formations,  consist- 
ing of  shells,  fish,  plants,  &c  indicating  that  they  were  formed  at  a 
period  when  organi;Bed  beings  abounded^ 

The  floetz  formations  lie  immediately  over  the  transition.  They 
comprehend  a  great  number  of  individual  formations,  each  of  which 
affects  a  particular  situation.  The  following  table  exhibits  a  view  of 
these  different  formations  in  the  order  of  their  position,  as  far  as  is 
known, 

1.  Old  red  sand-stone 

2.  First  floets  lime-stone 

9.  First  floetx  gypsum  with  rock  salt 

4.  Variegated  sand-stone 

^.  Second  ^ottz  gypsum 

j^.  Second  floetz  or  shell  lime-stone 

•  «  « 

7«  Third  saad-stone  or  free-stont 

•  #  * 

8.  Chalk 

•  •  • 

9*  Independent  coal 
10.  Floets  trap. 

The  position  of  the  two  formations  separated  from  the  rest,  and 
from  each  other,  by  asterisks,  has  not  been  ascertained  in  a  satis- 
fiu:toiy  manner.  Tlie  last  formation,  the  floets  trap,  lies  over  the 
rest,  pnetty  much  as  the  newer  porphyry  ^nd  sienite  do  over  the  older 
primitive  formations. 

Cbus  IV.  Jlhtvial  FormtUumM.    The  alluvial  formations  consti- 
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Mte.tlMgftfttiiii»orwliatMWtailjdMCUth*lifB^^  'Shejhm 
been  ibimed  liy  the  gndinl  actiM  of  tab  adl  flf«  wstn  1^^ 
other  formatbos»  and  Diay  be  coowiefcd  »  wry  leeent  fe^^ 
nther  asdeposites,  the  formatioo  of  which  it  ttSl  constutlj  going  oa. 
They  maybe  divided  nto  two  kinds:  tboet  depoafedln thevri- 
leytof  moiuitaiBOiit  dbtricts,  or  apoft  the  ctevatod  phdnt  wUch 
oAen  occur  in  momtains  ^  and  those  deposUed  upon  jkt  lawL 

The  first  lund  consist  of  sand,  gmvel,  Ac  which  UifcMf  IHiii  J  ifco 
more  solid  parts  of  the  neighbooiing  noiartah^y  ttsdwhkh  laaalMd 
when  the  less  solid  parts  were  washed  away.  They  soBsstisaea  caB» 
tam  ores  (paiticnlarly  foM  and  tin)  wUdi  eaisled  m  the  waijthom^ 
Bg  moontains.  Sometinies  the  allarial  sihI  is  wadiedj  in  order  to 
separate  these  ores.  On  mountam  pfauns  there  oeenr  also  beds  ef 
kiani. 

The  second  kmd  of  alluvia]  deposit,  or  that  wUdS  otuipies  the 
flat  land,  consists  of  loam,  day,  sand,  turf,  and  csklni**  Herealso 
occar  earth  and  brown  coal  (in  thb  nrineral  aashet  ii^s«i)b  woed 
coal^  bituminous  wood,  and  bog  iron  ore.  The  sand  containa  saaK 
metals,  among  others  gold.  The  calctuff  is  a  dcmicd  deposit  aad 
extends  widely.  It  contains  plants,  roots,  mom^  bones*  &c.  which  it 
has  encrusted.  The  day  and  sand  often  contain  petrified  wood,  and 
likewise  skeletons  of  quadrupeds. 

Class  V.  Fokamc  Fwmatunu.  The  volcanic  fimnations  are  of 
two  kinds ;  namely,  the  psenJo-vokmnic  and  the  irue  indeamc. 

The  pseudo-volcanic  consbt  of  minerals  altered  in  comicquence  of 
the  bumiog  of  beds  of  coal  situated  in  their  neighbourhood.  Por- 
celain jasper,  earth  slag,  burnt  day,  columnar  clay-iron  stone,  and 
perhaps  also  polishmg  shte,  are  the  minerals  wkkh  have  been  thus 
altered. 

The  real  volcank  minerals  are  those  which  have  been  thrown  out 
of  the  crater  of  a  volcano.  They  are  of  three  kinds ;  1.  Those 
substances  which,  having  been  thrown  out  from  time  to  time,  have 
fcrmed  the  crater  of  the  mountam:  2.  Those  which  have  been 
thrown  out  of  the  crater  m  a  stream,  and  roUed  down  the  moms- 
tarn;  they  constitute  lavu:  8.  The  water  which  is  occarionally 
flirown  out  of  volcanoes,  contnmhig  ashes  an(|  other  li|^  SBb> 


•  Stataictltic  or  cakareoot  taSu^Xmior. 
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^rtanectp  gnfaiUy  unprntitimg,  kwitt  the  tadkjr 
4lus  siibatiiice  cAMIilutet  iMlcank  tuft 


Sect.  UL—Qf 

Veioi  ace  noieiil  repotitoriet  wliach  cut  through  the  iliata  or  kedA 
4^  which  a  movotaiD  is  cooiposed^  and  which  an  fitted  with  tub- 
etaacet  more  4>r  leit  diSmot  frooi  the  rocks  throvgh  which  they 
fass.  We  shflU  haie  a  very  distkid  ootioo  of  vciai»  if  we  su|^pote 
that  the  nKHmtaiDS  in  whidi  they  occur  woe  split  by  seaM  BMa^s 
40t  other»  and  that  the  riits  thus  formed  weve  filled  up  hy  the  Matter 
which  constitulee  veins.  They  are  distinguished  firpni  beds  liy  their 
direction,  which  is  either  perpcndicukr  to  the  stratificatioos^  ot  ot 
least  forms  an  angle  with  it 

Sometimes  the  sCiala  throagh  wfakh  mns  pass  ave  merely  «ep»- 
nted  from  each  olher ;  so  thai  if  we  cut  througli  the  Teio  we  find 
the  eame  strata  of  the  rock  on  both  skies  of  it  s  l>ut  sometimes  also 
4he  corresponding  stmta  on  one  sMe  are  lower  than  on  the  other,  as 
if  the  portion  of  the  rock  on  one  side  of  the  vein  had  sunk  a  little, 
while  ihe  portk>n  on  the  other  skle  kept  its  original  position.  Jo 
such  cases,  the  side  of  the  rock  against  which  the  vein  leans,  or  the  floor 
of  the  vem«  has  always  its  stiata  highest  up ;  whilst  the  strata  of 
the  portion  of  rock  which  leans  over  tiw  veto,  or  the  roof  of  the 
vein,  are  ahrays  lowest.  So  that  this  is  the  portion  whkh  Ikppears  to 
have  sunk,  fiuch  a  change  of  position  in  the  strata  is  known  in  this 
country  by  the  name  of  a  «A|^ 

In  considering  veins,  there  are  two  circumstances  which  claim  our 
attention :  namely,  1 .  The  shape  of  veins ;  and,  2.  The  substances 
with  whidi  they  are  filled. 

1.  AU  those  mineralogista  who  have  had  the  best  opportunity  of 
caamitting  the  shape  of  veins  with  oonectnem,  agree  in  representing 
diem  as  widest  above,  and  as  gradually  diminishing  in  siie  as 
4bey  deepen,  till  at  hist  they  terminate  in  a  pomt,  exactly  as  if  they 
bad  been  originally  fissures.  This  is  the  account  of  Oppel,  of  Wer^ 
oer,  and  indeed  of  all  those  writers  who  have  been  professkmally  en- 
gaged in  superinlendkig  miiies.  Sometimes,  indeed,  veins  wkleo  in 
different  parts  of  their  course,  and  afterwards  contract  again  to  their 
Ibrmer  size ;  but  more  commonly  they  contniue  dimiobhiug  gradu* 
ally  to  their  extremity. 

^  Sooietimes  these  veins  are  either  partially  or  entirely  ^mpty, 
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I*  tint  cBM  thay  lie  deaominated  Jutttmi  but  mort  nmmotis 
thry  are  filled  with  «  matter  Biare  oi  Icn  diSoMtt  Avn  the  mA. 
through  which  tbey  pau.  Sometimei  the  tcid  is  filled  np  with  ooe 
species  of  mineral.  Thus  we  have  tcjus  of  calcareoos  ^r,  of 
quartz,  dec ;  but  wbcD  it  is  of  aay  tiie,  we  freqaently  find  a  varieljr 
oftubtlances:  these  are  disposed  in  regular  layers  always  parallel  t(» 
the  sides  of  the  vein,  and  tbey  follow  in  their  position  a  very  nff&a 
order.  One  species  of  mioeral  constitutes  the  centre  of  the  nin: 
on  each  side  of  this  central  bed  the  very  same  layeia  occur  in  the 
same  order  from  the  centre  (o  the  side  of  (he  vein.  To  give  an  ex- 
ample ;  the  vein  Gregorius,  at  Fteyberg,  m  composed  of  nine  layers 
or  beds.  The  middle  of  the  vein  consists  of  a  layer  of  calcareous  spar; 
on  each  siile  of  this  is  a  laver  consisting  of  various  ores  of  silver  mixed 
together  ;  on  each  side  of  this  a  layer  of  brown  spar;  on  each  side 
of  this  a  layer  of  galena ;  oa  each  side  of  (bis  again,  and  conligiious 
to  the  side  of  the  vein,  is  a  layer  of  quartz.  The  following  sketch 
will  give  the  reader  some  notion  of  the  relative  posiliou  of  these 
layers : 


i 
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GneiM 
rock. 


Sometimes  the   number  of  layers  of  which  a  vein  is  composed 
greally  exceeds  this.     Werner  describes  one  iu  the  district  of  Frey- 
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Pit-coftl  and  oommoo  salt,  and  almost  all  the  metals,  likewiie 
occur  in  veins.  Same  veins  are  filled  with  water-worn  pebbles^  as 
one  observed  by  Werner  at  Joachimstahl  \  Some  are  filled  with 
loamf.  Jilay,  they  even  sometimes  contain  petrifactions.  Thus  the 
Baron  de  Bom  describes  a  petrified  popites  which  be  saw  in  a  com- 
pact  cinnabar  vein  in  Hnngaiy ;  and  Mr.  de  Schlottheim  communi* 
cated  an  account  of  a  still  more  remarkable  appearance  of  the  same 
kind  to  Werner.  In  a  calcareous  mountain  in  Thuringia,  there 
occur  veins  of  mart  five  or  six  inches  thicks  containing  petrifactions 
difiering  altogether  from  those  which  are  found  in  the  lime-stone. 
The  petrifactions  found  in  the  marl  are,  comua  ammonis*  terebnites, 
and  turbinites;  while  those  that  occur  in  the  lime-stone  rock  are 
trochites.  Beds  of  the  marl  occur  in  the  neighbourhood;  and 
these  beds  contain  the  same  petrifactions  that  are  found  in  the 
veins  J. 

3.  It  u  very  common  to  find  veins  crossing  each  other  in  the  same 
rock.  When  that  happens,  one  of  the  veins  may  be  traced  passbg 
through  the  other  without  any  interruption,  and  cutting  in  two,  while 
the  other  always  separates,  and  disappears  at  the  point  of  crossing. 

4.  Such  is  a  short  sketch  of  the  most  remarkable  phsenomena 
respecting  veins.  Werner  supposes  that  they  were  originally  fissures 
formed  in  the  rocks,  and  that  they  were  all  gradually  filled  by 
minerals  depositsd  slowly  from  above,  while  the  rocks  in  which  th^ 
occur  were  covered  by  water,  and  that  they  were  filled  at  the  same 
time  that  the  different  formations  were  deposited.  This  theory  he 
has  supported  in  his  book  on  Veins,  by  a  very  complete  enumeration 
of  all  the  circumstances  respecting  their  structure  and  appearances. 
He  has  shown  that  they  resemble  fissures  very  exactly  in  their  shape 
,and  direction }  and  that  as  they  contain  petrifiictions  and  mineials 
altered  by  the  action  of  water,  they  must  of  necessity  have  been 
filled  from  above. 

Veins  of  course,  according  to  this  theory,  are  newer  than  the 
rocks  in  which  they  occur ;  and  when  two  veins  crosi^  that  is  ob- 
viously the  newest  which  traverses  the  other  without  intermption,  as 
the  fissures  constituting  the  second  vein  must  have  been  formed  aAer 

•  Werner,  Noorelle  Theorie,  p.  81. 
f  Ibid.  p.  8S. 
t  Ibid.  p.  as. 
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Ih0  fifst  mn  im  filled  op.  Whai  diflmotvwotcoolni  ikti 
aiaenlf  amnged  im  tht  mne  oider^  Iw  toMiiiu  Ikit  dMj 
filled  at  the  Mine  tunei  and  lajithat  inch  vems  behiag  to  Urn  i 
femalion.  When  thejdifEHr  in  tbewmpects,  they  belai^td 
lent  {brmations.  From  the  position  of  the  mpectiwi  vdna  nii 
iespect  to  each  other,  he  dedncet  thdr  reintivt  ago;  aad  fi«i 
tint  draws  mfefencet  feipeethig  the  lehitifa  nge  of  Iho 
mineral  tubttaooet  that  occur  m  ftint  shnUar  to  the 
drawn  ictpecting.  the  age  of  the  rocht  which  eonrtilnle  the  gnnd 
«laMrs  of  fomationt. 

[TAoMonV  Sjfstem 9/ Chmistiry^  Vd.IV.  •nwiiiimBy  oftmdL] 


CHAP.  VIII. 

VOLCANOES^  £ABTH(}UAKES,  AND  SUBTSmiAli^All 

FIEBS* 


Xbat  firet  to  an  enormous  extent,  and  produced  hj  varioni  canse^ 
may  exist  at  difierent  depths  beneath  the  sorfoce  of  the  earth,  nwat^ 
we  think,  be  clear  to  every  one  who  has  attentively  peraaed  the 
preceding  chapters  of  the  present  book :  and  we  have  much  leasoo 
to  beUeve»  from  a  very  curious  series  of  experiments  lately  con- 
ducted by  Sir  James  Hall,  that,  wliere  the  substances  in  whicb 
such  fires  occur  lie  profound,  and  are  sunnouated  by  a  veiy  deq» 
And  heavy  supeMucumbent  pressure ;  and,  mors  espeaally^  where 
Ihey,  at  the  same  time,  contain  large  portions  of  eUitie  gaswi;  the 
effects  of  such  fires  will  be  prodigiously  greater,  and  moif  divc^ 
sified,  than  where  these  circumstances  are  absent. 

Earthcpiakes  and  volcanoes  may  be  reckoned,  for  the  most  part, 
among  the  most  powerful  and  extraordinaiy  of  these  effects  i  and 
as  resulting  from  those  chemical  changes  which  the  ageaqr  office 
principally  produces  in  the  interior  of  the  solid  crust  of  the  globe. 
They  have,  probably,  little  further  connection  with  electricity  thss 
as  causes  that  occasionally  destroy  the  equilibrinm  ;  for  althoagii 
some  authors  have  inferred,  from  the  great  vdod^  with  which  the 
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shock  of  wn  oiithqiiake  is  transmitted  from  place  to  place,  that  its 
■atare  must  be  eleetricaly  yet  others  have,  with  greater  prohability, 
attrilMited  the  rapid  successioii  of  the  eftcts  to  the  operation  of  a 
siagle  cause,  acting  like  subterranean  heat,  at  a  great  distance 
below  the  earth's  surface*  There  are,  however,  some  circum- 
stances which  indicate  such  a  connexion  between  the  state  of  the  at- 
BMsphere  and  the  approach  of  an  earthquake,  as  cannot  easily  be 
exphuned  by  any  hypothesis. 

The  shocks  of  earthquakes,  and  the  eruptions  of  volcanoes,  are 
in  all  probability  modifications  of  the  effects  of  one  common  cause ; 
the  same  countries  are  liable  to  both  of  them ;  and  where  the  agi- 
tation produced  by  an  earthquake  extends  further  than  there  is  any 
reason  to  suspect  a  subterraneous  commotion,  it  is  probably  prc^- 
gated  through  the  earth  nearly  in  the  same  manner  as  a  noise  b 
conveyed  through  the  air.    Volcanoes  are  found  in  almost  all  parts 
of  the  world,  but  most  commonly  in  the  neighbourhood  of  the  sea ; 
and  especially  in  small  islands ;  for  instance,  in  Italy,  Sicily,  Ice* 
land,  Japan,  the  Caribbees,  the  Cape  Verd  islands,  the  Canaries^ 
and  the  Axores :  there  are  also  numerous  volcanoes  in  Mexico  and 
Peru,  espechilly  Pichincha  and  Cotopaxi.    The  subterraneous  fires, 
which  are  continually  kept  up  in  an  open  volcano,  depend  perhaps 
to  general  on  sulphureous  combinations  and  decompositions,  like  the 
faeatmg  of  a  lieap  of  wet  pyrites,  or  the  union  of  sulphur  and  iron 
filittgs  :  but  in  other  cases  they  may  perhaps  approach  more  nearly 
'  to  the  nature  of  common  fires.   A  mountain  of  coal  has  been  burning 
in  Siberia  for  almost  a  century,  and  must  probably  have  undermined 
in  soRie  degree  the  neighbouring  country.    The  immediate  cause  of 
m  eruption  appears  to  be  very  frequently  an  admission  of  water 
ftrom  the  sea,  or  from  subterraneous  reservoirs ;  it  has  often  hap- 
pened  that  boiling  water  has  been  discharged  in  great  quantities 
fhmi  a  volcano ;  and  the  force  of  steam  b  perhaps  more  adequate 
to  the  production  of  violent  explosions,  than  any  other  power  in 
nature.    The  consequence  of  such  an  admission  of  water,  into  an 
immense  collection  of  ignited  materials,  may  in  some  measure  be 
imderstood,  frodk   the  accidents  which  occasionally   happen  in 
fbunderies :  thus  a  whole  furnace  of  melted  iron  was  a  few  years  ago 
dissipated  into  the  air  m  Colebrook  Dale,  by  the  eftct  of  a  flood 
which  suddenly  overflowed  it* 

Tlie  phflBOomeiia  of  earthquakes  and  volcanoes  alt  amply  Olnstiated 
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by  tbe  particular  acoountiy  Iransmitted  to  the  Kojti  SoAtj  by  fir 
Williaiii  Hamilton,  of  those  which  have  happmcd  al  diSeicttt  !■■■ 
10  Italy.    The  earthquake*  which  deiohted  Calabm,   jb  1783^ 
was  fatal  to  about  40,000  penons,  oootinoing  its  namgm  Jbr  aMie 
thao  three  months  ;  it  destroyed  the  towns  and  vUtegea  oetmfjmg 
a  circle  of  nearly  50  miles  in  diameter,  lying  betwoea  38  nd  9§ 
degjpees  latitude*  and  extending  almost  from  the  weslcn  to  the 
eastern  coast  of  the  southernmost  point  of  Italy,  berides  Mnif  eon- 
siderable  damage  to  places  at  mu^h  greater  distanoctfioai  its  onjpn, 
which  is  supposed  to  have  been  eKher  insmediat^  ondor  Hio  towm 
of  OpfNdo,  in  the  centre  of  this  circle  ;  or  under  some  part  of  tlie 
sea,  between  the  west  of  Italy*  and  the  volcanic  island  of  SCramboli, 
This  island,  as  well  as  Mount  Etna,  had  smoked  less  than  and 
before  the  earthquake*  but  they  both  exhibited  appcaanrcs  of  a» 
eruption  during  its  continuance;  Etna  towards  the  bc^gpnnio^  and 
Stromboli  at  the  end.    Before  each  shock  the  doods  were  usoallj 
motionless  for  a  certain  time,  and  it  ramed  violeBlly  ;  freqaeady 
also  lightning  and  sudden  gusts  of  wind  accompanied  the  lain.  The 
priocipal  shocks  appeared  to  consist  hi  a  sodden  devation  of  the 
ground  to  a  considerable  height,  which  was  propagated  aonsewhat 
like  a  wave,  from  west  to  east :  beskles  this,  the  ground  had  alsoa 
horiANital  motion  backwards  and  forwards,  and  in  some  iniasaw  ia 
a  circular  direction.    This  motion  was  accompanied  by  a  load  noise; 
it  continued  in  one  instance  for  ten  seconds  without  intermissMM : 
and  it  shook  the  trees  so  violently  that  their  heads  nearly  reached 
the  ground.    It  affected  the  plains  more  strongly  than  tbe  hBls. 
In  some  places  luminous  exhalations,  which  Sir  WiUJam  Hamittoa 
thinks  rather  electrical  than  igneous*  were  emitted  by  the  earth; 
thesea  boiled  up  near  Messina,  and  was  agitated  as  if  by  a  copious 
discharge  of  vapours  from  its  bottom  ;  and  m  several  placet  water, 
mixed  with  sand*  was  thrown  up  to  a  considerable  bdghu     The 
most  general  efiect  of  these  violent  commotions  was  the  deslmctioB 
of  buildings  of  all  kinds*  except  the  light  barracks  of  wood  or  of 
reeds*  into  which  the  inhabitanis  retreated  as  soon  as  they  were 
aware  of  their  danger :  the  beds  of  rivers  were .  often  left  dry, 
while  the  shock  lasted*  and  the  water  on  iu  return  overflowed  thdr 
banks  ;  springs  were  sometimes  dried  up,  and  new  ones  broke  oat 
ii/ other  places.    The  bills  which  formed  the  sides  of  steep  vaOies 
were  often  divided  by  deep  chasms  paralkl  to  the  valliea;  and  ia 
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many  cases  large  porfkms  of  them  were  separated,  and  removed  by 
the  temporary  deluge  to  places  half  a  mile  or  a  mile  off;  with  the 
buildings  and  trees  still  standing  on  them  ;  and  in  this  manner  hills 
were  levelled,  and  vallies  were  filled  up.  But  the  most  fatal  acci« 
dent  of  this  kind  happened  at  Scilla,  where  so  large  a  portion  of  a 
dlff  was  thrown  into  the  sea^ .  that  it  raised  an  immense  wave» 
which  carried  off  more  than  2000  inhabitants  who  were  collected  on 
the  beach,  and  even  extended  its  formidable  effects  to  the  opposite 
coast  of  Sicfly»  where  several  persons  perished  by  it  in  a  similar 
manner. 

Theeruptiousof  volcanoes  are  usually  attended  by  some  shocks 
Vke  those  of  earthquakes,  although  commonly  less  violent.    Open 
volcanoes  continually  throw  out  in  more  or  less  abundance,  smoke, 
ashes,  and  pomke  stones,  or  light  cinders ;  but  their  most  formic 
dabie  eflects  are  produced  by  a  torrent  of  ignited  lava,  which,  like 
a  vast  deluge  of  liquid  or  semiliquid  fire,  lays  waste  the  country 
over  which  it  runs,  and  buries  all  the  works  of  human  art.    In 
March,  l]r07,  Vesuvius  began  to  throw  out  a  considerable  quantity 
of  ashes  and  stones,  which  raised  its  summit  m  the  course  of  the 
year  no  less  than  aOO  feet,  forming  first  a  little  mountain  of  pumice 
stones  within  the  crater,  which  by  degrees  became  visible  above 
its  margin.    The  smoke,  which  was  continually  emitted,  was  ren- 
dered luminous  at  night,  by  the  light  derived  from  the  fire  burning 
below  it.    In  August  some  lava  had  broken  through  this  mountain, 
and  in  September  it  had  filled  the  space  left  between  it  and  the 
former  crater.    On  the  13th  and  14th  of  October  there  were  heavy 
rains,  which  perhaps  supplied  the  water  coacemed  in  the  eruption 
that  shortly  followed.    On  the  naming  of  the    jpth,  clouds  of 
imoke  were  forced,  in  continual  succession,  out  of  the  mouth  of  the 
volcano,  forming  a  mass  like  a  large  pine  tree,  which  was  lengthened 
into  an  arch,  and  extended  to  the  island  of  Caprea,  2S  miles  off;  it 
was  accompanied  by  much  lightning,  and  by  an  appearance  of  me« 
teors  like  fhooting  stars.    A  mouth  then  opened  below  the  crater, 
and  discharged  a  stream  of  lava,  which  Sur  William  Hamilton  ven* 
tuied  to  approad||,vrithin  a  short  distance,  imagining  that  the  vio- 
lence of  the  confined  materials  must  have  been  exhausted  ;  but  on 
m  sudden  the  mountain  opened  with  a  great  noise  at  a  much  lower 
point,  about  a  quarter  of  a  mile  from  the  place  where  he  stood, 
and  threw  out  a  torrent  of  lava,  which  advanced  straight  towards 


Sd4  BmUFTlOKi  Of  ▼BS1IV1U«. 

Um,  wbachcwis  invol^  h  •  ahowy  of  — ill  pnniktt  rtoMM  wd 
Mh€«»  tnd  k  t  cloud  of  m^,  Tht  fcice  of  tlw^  cupletioiM  m 
iogrMt,  that  doors  and  wHMkmsweictiuowraopcB  by  Ihcai«l4i 
ditance  of  •eveiil  nuks :  the  ttieam  of  hta  wat  in  mmt  fimm 
two  miles  broad*  and  &>  or  70  feet  deep;  it  eatondcd  dNMt  ni 
viiles  froas  the  summit  of  the  mouotaiD^  and  remained  hot  for  s^ 
veial  weeks.  In  1794  a  still  niore  Tiohnt  eraptian  occnmd :  it 
was  expected  by  the  iohabitanfs  of  the  najghbiwrhoodL  the  cnlar 
beii^  nearly  filled,  and  the  water  in  the  weUs  liiia^i  '"trHtig 
Showers  of  immense  stones  were  projected  to  a  greet  heiglit ;  and 
ashes  were  thrown  out  so  copioiisly«  that  thqr  were  fwy  Ihid^  at 
Tunmto,  $50  mBes  oiT;  some  of  them  also  wera  wet  with  srit 
water.  A  heavy  noxious  vapour,  supposed  to  bo  carbonk  add*  i^ 
sued  in  many  places  from  the  earth,  and  destpDyed  the  vineyardsk 
which  it  was  miffered  to  remam  stagnant  ▲  part  of  the  town  ef 
Tom  del  Greco  was  overwhelmed  by  a  stream  of  kva*  iriiicfa  ran 
through  it  mto  the  sea ;  yet  nothwitbstanding  th^  fieqwracy  of  sncb 
accidant%  the  inhabitantt  had  so  strong  a  pitdihctksi  for  thsir 
native  spot,  that  they  lefiised  the  offer  of  a  sate  sitmtkm  fivm- 
bailding  tbek  bouses. 


CHAP.  IX. 

ERyPTIONS  OF  VESUVIUS. 


1  H Basis  no  volcanic  mountain  m  Europe,  whose  desolating  ph 
roxysms  have  been  so  fatally  experienced,  and  so  accuratdy  traas- 
mitted  to  us,  as  those  of  Vesuvius. 

Thb  mountain  is  well  known  to  constitute  one  of  the  natmal 
wonders  of  the  kingdom  of  Naples.  Like  Parnassus,  it  has  bcca 
said  to  coDsist  of  two  summits,  one  of  which.  sHiated  in  a  westward 
direction,  is  called  by  the  natives  Somma  ;  and  tbt  other,  nmsmig 
m  a  southern  line,  Proper  Vesuvius,  or  Vesuvio;  and  it  is  ttus  kit 
alone  which  emits  fire  and  smoke.  The  two  hilb  or  smnnuls  are  ss- 
parated  by  a  vall»  of  about  a  mik  m  length,  and  pecnliaify  fiertBc 
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Id  ill  |AodttcliMii#  Theeniptioiisof  IhianMNitttam  have  been  iia* 
nefowin  alnMSt  dvtry  ige  of  the  Christian  an ;  and  on  many  oc« 
casioBs  ptodigioiislj  dettnictife.  Ftrom  the  naroerous  narrationa 
to  which  they  have  given  rise»  we  shall  confine  onndves  to  those 
that  are  most  awful  or  interesting. 

SscT.  h^DaintcHoH  of  Pompeii  and  Herculaneum. 

Thb  earliest  and  one  of  the  most  fatal  enipUoos  of  Vesuvios  that 
oecars  to  ns  in  history,  took  place  m  tlie  year  79  of  the  Christian 
wa,  and  the  first  of  the  reign  of  Titus.  All  Campania  was  alarmed 
by  its  notsnce,  and  the  country  was  devastated  in  every  direction 
to  a  very  great  dbtanee  $  numerous  towns  with  the  whole  of  their 
inhaUtaals  were  consumed,  and  among  the  rest,  the  elegant  citits  of 
Ponqseii  and  Hercubmenm,  the  mim  of  which,  after  having  been 
nttci^  ofcrwhelmed  and  lost  for  more  than  sixteen  centuries,  were 
at  k#fth  traced  ont  by  accident ;  and,  to  fiur  as  they  relate  to  the 
lUter,  have  been  explored  to  a  considerable  extent*  The  wreck  of 
Herculaneum  was  dneovered  in  1739,  and  was  rendered  accessible 
by  a  viell  in  the  coarse  of  the  ensuuig  year. 

Pompeii  had  suffered  severely  Irom  an  earthquake,  sixteen  years 
before  the  emptioB  of  79»  but  had  been  rebuilt  and  embelHshcd 
with  several  sUtely  edifices ;  especially  with  a  ntagiuficent  thcatret 
m  which  the  people  were  assembled,  and  intent  upon  the  spectacle, 
when  this  tremendous  visitatiott  burst  upon  them,  swallowing  np  the 
dty  by  an  earthquake,  and  overooveriog  its  site  to  a  considerable 
depth  with  the  fiery  anterials  that  were  thrown  forth  from  the 
mouth  of  the  crater.  The  cities  of  Puteoli  and  Cunut  were 
also  greatly  chunaged,  partly  by  the  concussions,  and  partly  by  the 
burning  ashes,  which  last,  according  to  the  concurrent  assertion  of 
ancient  historians,  extended  to  Africa,  Egypt  and  Syria,  and  at 
Rome  turned  the  day  suddenly  into  night,  to  the  coiisteniation  of  the 
inhabitants.  It  was  during  this  emptioo,  that  the  elder  Pliny  fell  a 
vktim  to  suSocation,  the  poet  Cesius  Bassus  and  hishoosehokl  were 
consumed  by  the  fiaases,  and  Agrippa,  son  of  Clandins  Fdix,  the 
well-known  governor  of  Judasa,  and  of  Pmslia,  daughter  to 
Agrippa,  the  last  Ifag  of  the  Jews,  perished  m  his  yoirth  as  we  are 
told  by  Joaephus;  though  the  passage  of  thb  writer  in  which 
he  refen  for  a  more  particolar  aeconnt  of  his  death,  is  no  ioager 
tatantt 
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The  earliesi  of  the  eniiptioDi  of  TcMmm  of  wUdk  we 
Mumtifey  b  to  cxquiutely  and  ioi|NUiifclj  icMed  bf  tin 
Pliny,  in  two  kttert  to  hb  friend  IMtwi  the  liKnriwib  tkm  kkm 
been  rendered  aimoit  as  oelefanted,  finMi  thb  tarn 
description,  as  on  account  of  the  eztcst  of  the 
Bat  though  this  description  is  the  earliest,  we  are  not  to 
that  no  eruption  had  ever  taken  plaee  anteoedentlj. 
Piiny  nor  TVidttts  hint  at  any  thing  to  this  cAd^  mi 
the  smallest  surprise  at  the  pbsenomcnon,  which  they  mJonhl 
edly  would  have  done,  had  it  been  the  fifit  of  the IdUL  Ooeofthe 
eariiest  we  meet  with  m  history^  nest  to  that  oanaled  by  Plviy,  is 
comparatively  in  our  own  times;  it  occurred  in  1588^  and  fbiiaei 
the  crater  near  Poixicoli,  whidi  has  received  the  aaMe  of  MhmH 
NtfVQ.  Curiosity  led  many  persons  to  looknto  this  enter  •  few 
days  after  the  eruption  had  ca»ed,  when  twenty  of  theiube«t  and 
most  daring  were  destroyed  by  a  sudden  explosioii  of  nM4e,aNMie8» 
and  ashes.  The  next  of  which  we  have  any  dtwaiBfmt  took  pteci 
m  l6Sl,  and  b  described  by  Antonio  Santoiellit  is  also  by  the 
Abbate  Braccmi :  during  which  the  sea,  as  in  the  cnplkNi  of  79^ 
retreated  firom  the  coast.  The  next  memorable  eraption  in  the 
Older  of  time,  b  that  described  by  Valetta  in  1707s  noee  wUeh 
period,  accounts  of  not  fewer  tlian  ten  others  have  been  poUhbed  in 
the  Philosophical  Transactions,  for  neariy  half  of  which  the  world  h 
greatly  indebted  to  tlie  assiduity  and  intrepidity  of  Sir  WOUmb 
Hamilton*  Besides  these,  we  have  also  an  account  tii  an  eruption 
in  17i7»  by  bbhop  Berkeley,  and  of  another  in  1737  by  Dr.  Serao, 
publisbed  the  same  year  at  Naples. 

The  description  of  Pliny  b  as  follows;  and  the  two  letters  that 
contain  it  are  numbered  sixteen  and  twenty  in  the  sixth  book  of  bb 
epbtolary  collection. 

"  TO  TACITV8. 

**  Your  request  that  t  would  send  you  an  account  of  my  unde's 
death,  in  order  to  transmit  a  more  exact  relation  of  it  to  posterity,  de- 
serves my  acknowledgments ;  for  if  thb  accident  shall  be  celebnrted  by 
your  pen,  the  glory  of  it  I  am  well  assured  wdl  be  rendered  fbr 
ever  Slustrious.  And  notwithstanding  he  perished  by  m  misfottuncb 
which,  as  it  involved  at  the  same  time  a  most  beautiful  comliy  b 
ruins,  and  destroyed  so  many  populous  cities,  seems  to  promite  Us 
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an  everhtliiig  remembrance ;  notwithstanding  he  has  himself  com- 
poged  many  and  fauting  works ;  yet  I  am  persuaded  the  mentioning 
of  him  ia  your  immortal  writings  will  greatly  contribute  to  eternize 
his  name*  Happy  1  esteem  those  to  be,  whom  Providence  has  dis- 
tingm'shed  with  the  abilities  either  of  doing  such  actions  as  are  worthy 
of  being  related*  or  of  relating  them  in  a  manner  worthy  of  being  read  ; 
bat  doubly  happy  are  they  who  are  blessed  with  both  these  uncom- 
mon talents ;  hi  the  number  of  which  my  uncle,  as  his  own  writings 
and  your  history  will  evidently  prove,  may  justly  be  ranked.  It  is 
with  extreme  willingness,  therefore,  that  I  execute  your  commands ; 
and  should  indeed  have  claimed  the  task,  if  you  had  not  enjoined  it. 
He  was  at  that  tune  with  the  fleet  under  his  command  at  Misenum^ 
On  the  23d  of  August^  about  one  in  the  aAernoon,  my  mother  de« 
sired  him  to  observe  a  cloud  which  appeared  of  a  very  unusual  sise 
and  shape.  He  had  just  returned  from  taking  the  benefit  of  the 
sun  f ,  and  aAer  bathiug  himself  in  cold  water,  and  taking  a  slight 
repast,  had  retired  to  his  study :  he  immediately  arose  and  went  out 
upon  an  emuience  firom  which  he  might  more  dbtinctly  view  this 
▼ery  uncommon  appearance.  It  was  not  at  that  distance  discernible 
from  what  mountam  this  cloud  issued,  but  it  was  found  afterwards 
to  ascend  from  mount  Vesuvius  t.  I  cannot  give  you  a  more  exact 
description  of  its  figure  than  by  resembling  it  to  that  of  a  pine-tree, 
for  it  shot  up  a  great  height  in  the  form  of  a  trunk,  which  extended 
itself  at  the  top  into  a  sort  of  branches;  occasioned,  1  imagine, 
either  by  a  sadden  gust  of  ahr  that  impelled  it,  the  force  of  which 
decreased  as  it  advanced  upwards;  or  the  cloud  itself  being  pressed 
back  again  by  its  own  weight,  expanded  in  this  manner.  It  appeared 
sometimes  bright,  and  sometimes  dark  and  spotted,  as  it  was  either 
more  or  less  impregnated  with  earth  and  cinders.  This  extraordi* 
nary  phenomenon  excited  my  uncle's  philosophical  curiosity  to  take 
a  nearer  view  of  it.  He  ordered  a  light  vessel  to  be  got  ready,  and 
gave  me  the  liberty,  if  I  thought  proper,  to  attend  him.  I  rather 
chose  to  continue  my  studies ;  for,  as  it  happened,  he  had  given  me 
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t  The  Romans  OMd  to  lie  or  walk  naked  in  the  son,  after  anolntinf;  their 
bodies  with  oil,  which  was  esteemed  as  i^eatly  contriboting  to  health,  and 
therefore  daily  practised  by  them. 

t  About  six  miles  distant  from  Naples.— This  dreadful  eruption  happened 
A.  D.  79,  in  the  fint  year  of  the  emperor  Titos. 
VOL.1.  Z 
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an  enplojfiiMiit  of  thmt  kind.    At  he  was  coiBHig  cmi  of  Iks  boMr, 
be  leeehred  a  note  from  Rectina  tbe  wife  of  BamM^  wlio  was  in  tti 
utmost  alarm  at  the  immineiit  danger  wMch  threatedHl  her;  fiNrker 
vOla  being  situated  at  tbe  foot  of  mouat  Vesimui,  there  was  ■•  wi^ 
to  escape  but  bj  sea ;  she  earnestly  iotreated  hfan  thcrefbn  l^eoiN 
to  her  assbtanoe.  He  accoidingl j  changed  hit  fint  desigob  aad  what 
he  began  with  a  philosophical,  he  pursued  with  an  heroical  taiii  of 
mhid.    He  ordered  the  galleys  to  |^t  to  sea»  and  went  hanself  on 
board  with  an  nitention  of  assistmg  not  only  Redina*  bat  sevenl 
others :  for  the  Tillas  stand  extremely  thick  upon  the  beaalilid  cont. 
When  hastening  to  the  place  from  which  others  fled  with  the  ut- 
most terror,  he  steered  Ms  direct  course  to  the  point  of  danger,  and 
with  so  much  calmness  and  presence  of  mind^  as  to  be  able  to  make 
and  dictate  his  obserfatNws  upon  the  BMitioii  and  figure  of  that 
dreadful  scene.    He  vras  now  so  nigh  the  mountain  that  thednden, 
which  grew  thicher  and  hotter  the  nearer  he  approached^  fell  into  tbe 
ships,  together  with  pumice-stones,  and  black  pieces  of  humiag  lodt ; 
they  were  likewise  in  danger  not  only  of  being  a- ground  by  the  sad- 
den retreat  of  the  sea,  but  also  from  the  vast  fragments  which  rolled 
down  from  the  mountain,  and  obstructed  all  the  shore.    Here  he 
stopped  to  consider  whether  he  should  return  back  again*  tn  wluck 
the  pilot  advismg  faun ;  «'  Fortune,"  said  he,  <«  beftiends  the  bmte ; 
carry  me  to  Pomponianos.*'    Pomponianus  was  then  at  Stadlnl^ 
separated  by  a  gulf  which  the  sea,  after  several  insensible  whidB^ 
forms  upon  that  shore.   He  had  already  sent  his  baggage  on  board ; 
for  though  he  was  not  at  tliat  time  m  actual  danger,  yet  M"g 
within  the  view  of  it,  and  indeed  extremely  near,  if  it  shoield  in  the 
least  increase,  he  was  determined  to  put  to  sea  as  soon  aa  the  wind 
should  change.  It  was  favourable,  however,  for  carrying  my  unde 
to  Pomponianus,  whom  he  found  in  tbe  greatest  conslemalion :  he 
embraced  him  with  tenderness,  encouraging  and  exhorting  Inm  to 
keep  up  his  spirits ;  and  the  more  to  dissipate  his  fears,  he  ordeiei 
with  an  air  of  unconcern,  the  baths  to  be  got  ready ;  when,  afkr 
having  bathed,  he  sat  down  to  supper  with  great  cheerfulness  or 
at  least  (what  is  equally  heroic)  with  all  the  appearance  of  iL    In 
tbe  mean  while  the  eruption  from  mount  Vesuvius  flamed  out  m 
several  places  with  much  violence,  which  the  darkness  of  the  night 


•  Now  called  CMtel  i  Mar  di  StMa,  in  tbe  gulf  of  Naples. 
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rai|>ributtJ  to  fender  rtfll  more  viaMt  and  dre»dfiil>   Bui  mj  uncle, 
ip  order  to  aoothe  tbe  appteheniions  of  his  friend,  assured  him  it 
was  onlj  the  bumiDg  of  the  villagest  which  tbe  country  people  had 
abimdoned  to  the  flames ;  after  this  he  retired  to  rest»  and  it  is  most 
certain  he  was  so  little  discoo^Msed  as  to  fall  into  a  deep  sleep;  for 
being  pretty  ht,  and  breathmg  bard»  those  who  attended  without 
actually  heard  him  snore.    The  court  which  led  to  his  apartment 
being  now  almost  filled  with  stones  and  ashes,  if  he  had  continued 
there  any  time  longer,  it  would  have  been  impossible  for  htm  to 
beve  made  his  way  out ;  it  was  thought  proper  therefore  to  awaken 
bim*    He  got  up,  and  went  to  Pomponianus  and  the  rest  of  his 
company,  who  were  not  unconcerned  enough  to  think  of  goisf  to 
bed.    They  consulted  together  whether  it  would  be  most  prudent 
to  trust  to  the  houses,  which  now  shook  ftom  side  to  side  with  fre« 
quent  and  violent  eoacuasioos;  or  fly  to  the  open  fields,  where  the 
caldned  stones  and  dnders,  though  light  indeed,  yet  fell  in  large 
showery  and  threatened  destruction.    In  thb  distress  they  resolved 
fer  the  fields,  as  the  less  dangerous  situation  of  the  two ;  a  resolu- 
tion  which,  while  the  rest  of  the  company  were  hurried  into  it  by 
their  fears,  n^  uncle  embraced  upon  cool  and  deliberate  conside- 
ration.   They  went  out  then,  having  pillows  tied  upon  their  heads 
with  napkins ;  and  this  was  their  whole  defence  against  the  storm  of 
stones  that  fell  round  them.    Though  it  was  now  day  every  where 
else^-with  them  it  was  darker  than  the  most  obscure  night,  excepting 
only  what  light  proceeded  firom  the  fire  and  flames.    They  thought 
proper  to  go  down  farther  upon  the  shore,  to  observe  if  they  might 
safely  put  out  to  sea,  but  they  found  the  waves  still  run  extremely 
high  and  boisterous.    There  my  uncle  having  drunk  a  draught  or 
.two  of  cold  water,  threw  himself  down  upon  a  cloth  which  was 
/yiread  for  him,  when  immediately  the  flames  and  a  strong  smell  of 
sulphur,  which  was  the  forerunner  of  them,  dispersed  the  rest  of 
the  company  and  obliged  them  to  arise.    He  raised  himself  up  with 
the  assutaace  of  two  of  his  servants,  and  instantly  fell  down  dead ; 
sufibcated,  as  I  conjecture,  by  some  gross  and  noxious  vapour,  hav- 
ing always  had  weak  lungs,  and  frequently  subjected  to  a  difficulty 
of  breathing.    As  soon  as  it  was  light  again,  which  was  not  tOI  the 
third  day  after  thb  melancholy  accident,  hb  body  was  found  entire, 
and  without  any  macks  of  violence  upon  it,  exactly  in  tbe  same 
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postuK  thtt  be  M,  and  looking  move  Vk/t  u 
dead.    Doling  all  tlm  time  mj  mother  and 
Miienom-  Bat  as  this  has  no  coonectioB  widi  jour  hiitoijt  m 
yoor  enqmi;  wcnt^no  farther  than  concenMng  any  UBcle^  ihalfc'; 
with  that  therefore  I  will  put  an  end  lo  my  letter:  aoCer  laat  oily 
to  add,  that  I  have  iaithfoHy  related  to  yon  what  I 
eye-witness  of  myself,  or  received  hnmediately  after  the 
Imppened,  and  before  there  was  time  to  Tsry  Ae  tnrth.    Tern  wriH 
choose  out  of  thb  narrative  snch  drcumstaoeet  as  shaD  be 
suitable  to  your  purpose;  for  there  b  a  great 
what  is  proper  for  a  letter,  and  an  history;  betweca  wiidng  t»» 
friend,  and  wridog  to  the  public.    FiueweL 

TO  CORMBLIVa  TACITUS* 


The  letter  which,  in  compliance  with  yonr  request  I  wiwlr  tor 
you  couoeming  the  death  of  my  nncle^  has  raised,  itsecmst  yew  en* 
riosity  to  know  what  terrors  and  darters  attonded  aae  wbBa  I 
continoed  at  Misenam ;  for  there,  I  thmk,  the  accomit  of  my  ftimsr 
broke  off: 

thw^  my  ibock'd  Mnit  reeoili,  ay  tiwg;wrthril  left 

My  uncle havnig left  us,Ipumiedthestudies which prevcnCedmygoiiy 
with  him,  till  it  was  time  to  bathe ;  after  which  I  went  to  sapper,  and 
from  thence  to  bed,  where  my  sleep  was  greatly  broken  anddistaibed. 
There  had  been  for  many  days  before  some  shocks  of  an  carthqake^ 
which  the  less  surprised  us  as  they  are  extremely  fiequent  in  Clm* 
pania ;  but  they  were  so  particularly  violent  that  nigh^  that  they 
act  only  shook  every  thing  about  us,  but  seemed  mdeed  fb  ChreafeD 
total  destruction.  My  mother  flew  to  my  cbimber,  wliere  she 
found  me  rising  m  order  to  awaken  her.  We  went  out  mto  a  small 
court  belonging  to  the  bouse,  which  separated  the  sea  from  the 
buildings.  As  I  was  at  that  time  but  eighteen  years  of  ag^  I  know 
not  whether  I  should  call  my  behaviour  in  this  dangeroos  jnncttaR^ 
courage  or  rashness;  but  I  took  up  Livy,  and  amosed  myself  with 
turning  over  that  author,  and  even  making  extracts  from  him,  as  if  all 
about  me  had  been  in  foil  security.  While  we  were  iu  this  postnre, 
a  friend  of  my  uncle's,  who  was  just  come  from  Spain  ta  pay  Um 
a  visit,  joined  us,  and  observing  me  sitting  by  my  mother  with  a 
book  m  my  hand,  greatly  condeasned  her  calmness,  at  the 
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time  that  ke  reproved  me  for  my  careless  security :  nevertheless  I 
still  went  on  with  my  author.  Though  it  was  now  mornings  the 
light  was  exceedingly  faint  and  languid ;  the  buildings  all  around  us 
tottered,  and  though  we  stood  upon  open  ground,  yet  as  the  place 
was  narrow  and  confined,  there  was  no  remaining  there  without  cer- 
tain and  great  danger;  we  therefore  resolved  to  quit  the  town. 
The  people  followed  us  in  the  utmost  consternation,  and  (as  to  a 
mind  distracted  with  terror,  every  suggestion  seems  more  prudent 
than  its  own)  pressed  in  great  crowds  about  ui  in  our  way  out. 
Being  got  at  a  convenient  distance  from  the  houses,  we  stood  still  in 
the  midst  of  a  most  dangerous  and  dreadful  scene.  The  chariots 
which  we  had  ordered  to  be  drawn  out  were  so  agitated  backwards 
and  forwards,  though  in  tlie  open  fields,  that  we  could  not  keep 
them  steady,  even  by  supporting  them  with  large  stones.  The  sea 
seemed  to  roll  back  upon  itself,  and  to  be  driven  from  its  banks  by 
the  convubive  motion  of  the  earth ; « it  is  certain  at  least  the  shore 
was  considerably  enlarged,  and  several  sea-animals  were  left  upon 
it.  On  the  other  side,  a  {>lack  and  dreadful  cloud  bursting  with  an 
igneous  serpentine  vapour,  darted  out  a  long  train  of  fire,  resem- 
bling flashes  of  lightning,  but  much  larger.  Upon  this,  our  Spanish 
friend,  whom  I  mentioned  above,  addressing  himself  to  my  mother 
and  me  with  great  warmth  and  earnestness :  <Mf  your  brother 
and  your  uncle,"  said  he,  "  is  safe,  he  certainly  wishes  you  may  be 
so  too ;  but  if  he  perished,  it  was  hb  desire,  no  doubt,  that  you 
might  both  survive  him ;  why  therefore  do  you  delay  your  escape  a 
moment  V  We  could  never  think  of  our  own  safety,  we  said,  while 
we  were  uncertain  of  his.  Hereupon  our  friend  leA  us,  and  with- 
drew from  the  danger  with  the  utmost  precipitation.  Soon  afterwards 
the  cloud  seemed  to  descend,  and  cover  the  whole  ocean  ;  as,  in- 
deed, it  entirely  hid  the  island  of  Capiea  *,  and  the  promontory  of 
Misenum.  My  mother  strongly  conjured  me  to  make  my  esscape  at 
any  rate,  which,  as  I  was  young,  I  might  easily  do :  as  for  her- 
self, she  said,  her  ^ge  and  corpulency  rendered  all  attempts  of 
that  sort  impossible ;  howeyer,  she  wo^ld  yiWXm^^  meet  death,  if 
she  could  have  the  satbfaction  of  seeing  that  she  was  not  the  occa* 
sion  of  mine*    But  I  absolutely  refused  to  leave  her,  and  takmg  her 


•  4.11  iibuid  near  Naples,  now  called  Capri. 
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by  tte  bthd,  I  led  ber  on ;  Ae  complkd  irfOi  gttil  tvfalctaMr »  iHl 
not  without  nuuiy  reproaches  to  hetBeif  fbr  letttding  hj  ttgM» 
Tlie  Mbes  now  began  to  M  upon  ^  tboogh  in  no  peat  qiianlHji 
1  turned  my  bcad»  and  obwrted  bdifad  as  a  tUdi  HMke^  ivUdk 
came  roUing  after  us  like  a  torrent    I  proposed*  while  we  bad  yit 
any  light,  to  tarn  out  of  the  hfgh  road,  lest  we  should  bopvNsedIa 
death  m  the  daii  by  the  crowd  that  fbllowed  na^    We  bad  ictffi 
stepped  out  of  the  path,  f^hen  a  darkness  otewptead  tm,  not  Oat 
that  of  a  doody  night,  or  when  there  is  no  moon,  bat  of  a  ndm 
when  it  is  shut  op  and  all  the  lights  are  extbct.  Nothing  then  was  la 
be  heard  but  the  shrieks  of  women,  the  screams  of  cbUdMo,  and  d» 
cries  of  men ;  some  calling  for  their  children,  others  for  their  pa- 
rents, others  for  their  husbands,  and  only  distingais&ing  each  odicr 
by  their  voices ;  one  lamenting  his  own  fiite,  another  thai  ^bis  A* 
mily ;  some  wishing  to  die  from  the  very  fear  of  dyfag;  some  Itftiiif 
op  their  haqds  to  the  godsi  but  the  greater  part  bnaglnbs  that  the 
last  and  eternal  night  wascome,  which  was  to  destroy  both  the  gods 
and  the  world  together*.    Among  these  there  wcve  some  who  an^ 
mented  the  real  terrors  by  nnagiuaiy  ones»  and  made  the  firlghttd 
multitude  ftlsely  believe  Uiat  Misenum  was  actoaUy  in  lames.    At 
length  a  glimmering  light  appeared,  which  we  insa^hicdlo  be  rstbcr 
the  forerunner  of  an  approaching  burst  of  flames  (as  in  truth  it  was) 
than  the  returo  of  day ;  however,  the  fire  fell  at  a  dotance  from  us: 
then  again  we  were  immersed  in  thick  dailness,  and  a  heavy  shower 
of  ashes  rained  upon  us,  which  we  were  obliged  every  now  and  then 
to  shake  off,  otherwise  we  shoi^ld  have  been  crushed  and  buried  in 
the  heap.  I  might  boast,  that  during  all  this  scene  of  horror,  not  a 
sigh  or  expression  of  fear  escaped  from  me,  had  not  my  support 
been  founded  in  that  miserable  though  strong  consolation,  Ibat  all 
mankind  were  involved  in  the  same  calamity,  and  that  I  imagined  I 
was  perishing  with  the  world  itself.     At  last  this  dreadful  darimess 
was  dissipated  by  degrees  like  a  cloud  of  smoke :  the  red  day  re- 
turned, and  even  the  sun  appeared,  though  very  faintly,  and  as  when 
an  eclipse  is  coming  on.    Every  object  diat  presented  Jlsclf  to  onr 


•  The  Stoic  and  Epicurean  pliilosophen  held,  that  the  World  wai  Isbe  de- 
stroyed by  fire,  and  all  things  tall  agaia  into  origiaal  chaos,  aoC  eaicepdni 
eren  the  aational  gods  thcanelvts  hum  the  destraction  of  this  geacial  cs»> 
flagratlon. 
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eyes  (which  were  eitremely  weakened)  teemed  changedj  bemg  co- 
vered Over  with  white  ashes*  as  with  a  de«p  soow.  We  returned  to 
Misenam;  where  we  refreshed  ourselves  as  well  as  we  could,  and 
passed  an  anxious  night  hetween  hope  and  fear ;  though  indeed 
with  a  much  larger  share  of  the  latter ;  Hw  the  earthquake  still  conti- 
nued, while  several  enthusiastic  people  ran  up  and  down>  heightening 
tbenr  own  and  their  friends'  calamities  by  terrible  predictions. 
However,  my  mother  and  1,  notwithstandii^g  the  danger  we  had 
passed,  and  that  which  still  threatened  ns,  bad  no  thoughts  of  leav^. 
ing  the  place  till  we  we  should  receive  some  account  of  my  upcle. 

And  now  you  will  read  tliis  narrative  without  any  view  of  inserting - 
it  in  your  history,  of  which  it  is  by  no  means  worthy ;  and  indeed 
you  must  impute  it  to  your  own  request,  if  it  shall  appear  scarce  to 
deserye  even  the  trouble  of  a  letter*    fareweU 

SECTION  II. 

Enqttion  of  Vesuvius  in  1766,  as  dofiribed  in  a  Letter  from 

the  /fon.  William  Hamilton,  his  Majestjfs  Envoy  Ex" 

traordinary  at  'Saples,  to  the  Earl  q/* Morton,  President 

of  the  Royal  Society. 

N^Py-BS,  June  10,  1766, 
My  Lobd, 

As  I  have  attended  particularly  to  the  various  changes  of  Mount 
Vesuvius,  from  the  17th  of  November  1764,  the  day  of  my  arrival 
at  this  capital,  I  flatter  myself,  that  my  observations  wii}  |iot  be  un- 
acceptable to  your  lordship,  especially  as  this  volcano  h^s  lately 
made  a  very  considerable  eruption.  I  shall  confioe  myself  n^erely  to 
the  many  extraordinary  appearances  that  have  come  under  my  «>wn 
inspection,  and  leave  their  explanation  to  the  more  learned  m  natu. 
ral  philosophy. 

During  the  first  twelvemonth  of  my  being  here,  I  did  not  perceive 
any  remarkable  alteration  in  the  mountain;  but  I  observed  the 
smoke  from  tiie  mouth  of  the  volcano  was  iquch  more  considerable 
in  bad  weather  than  when  it  was  fair;  and  I  often  heard  (even  at 
Naples^  six  miles  from  Vesuvius)  in  bad  weather,  the  report  of  the 

•  Mr.  Addlwp,  |o  hii  acceunt  of  moant  Ve^vim,  observes,  that  the  air  of 
tbe  place  ii  lo  very  Baeh  impreicmited  with  salt-peCre,  Uiat  ODe  o^n  scarce  ao4 
» itone  wUcJ^  tei  1^  Ike  top  white  with  i^. 
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inward  ezplosiom  of  the  mouotain.  When  I  have  been  at  the  top 
of  Mount  Vesuvius  in  fair  weather,  I  have  sometimes  foand  ao  liufc 
smoke  that  I  have  been  able  to  ne  lar  down  the  mouth  of  the  vil> 
cano,  the  sides  of  which  were  incrusted  with  salts  and  DiDerabsf 
various  colours,  white,  green,  deep  and  pale  yellow.  The  smoke 
that  issued  from  the  mouth  of  the  volcano  in  bad  weather  waf 
white,  very  moist,  and  not  nearjo  offensive  as  the  sulphureoutstcans 
from  various  cracks  ou  the  sides  of  the  mountain. 

Towards  the  month  of  September  last,  I  perceived  the  smoke  fo 
be  more  considerable,  and  to  continue  even  in  fair  weather ;  and  in 
October  I  perceived  sometimes  a  puff  of  black  smoke  shoot  up  a 
considerable  height  in  the  midst  ofthe  white,*  which  symptom  of  an 
approaching  eruption  grew  more  hvquent  daily;  aod  soon  aAer, 
these  puffs  of  smoke  appeared  in  the  night  tinged  like  douds  with 
the  setting  sun. 

About  the  beginning  of  November  I  went  up  the  mountam ;  it 
was  then  covered  with  snow,  and  I  perceived  a  little  hillock  of  sul- 
phur had  been  thrown  up  since  my  last  visit  there^  within  about  forty 
yards  of  the  mouth  of  the  volcano;  it  was  near  six  feet  high,  and  a 
light  blue  flame  issued  constantly  from  its  top.  As  I  was  eiafflbiog 
this  phenomenon,  I  heard  a  violent  report,  and  saw  a  column  of  black 
smoke  followed  by  a  reddish  flame,  shoot  up  with  violence  from 
the  mouth  of  the  volcano,  and  presently  fell  a  shower  of  stones,  one 
of  which  falling  near  me,  made  me  retire  with. some  precipilatioo, 
and  also  rendered  me  more  cautious  of  approaching  too  near,  in  oiy 
subsequent  joumies  to  Vesuvius. 

From  November  to  the  28th  of  March,  the  dale  of  f2*e  be^iooing 
of  this  eniption,  the  smoke  increased  and  was  mixed  with  ssbea, 
which  fell,  and  did  great  damage  to  the  vineyards  in  the  neighbour- 
hood of  the  mountain.  A  few  days  before  the  eruption  I  saw  (what 
Pliuy  the  younger  mentions  having  seen,  before  that  eruption  of  Ve- 
suvius virhich  proved  fatal  to  his  uncle)  the  black  smoke  take  the 
form  of  a  piue-tree.  The  smoke  that  appeared  black  in  the  day 
time  for  near  two  months,  before  the  eruption  had  the  appearance 
of  flame  in  the  night. 

On  Good  Friday,  the  28tli  of  March,  at  seven  o'clock  at  night,  the 
lava  began  to  boil  over  the  mouth  of  the  volcano,  at  first  in  one 
stream;  and  soon  after,  dividing  itself  into  two,  it  took  its  course 
towards  Forlici.    It  was  preceded  by  a  violent  explosioo,  whkh 


ERUPTIONS  OV  VtSVVlVS. 


545 


caused  a  partial  earthquake  in  the  neighbourhood  of  the  mountaitf, 
and  a  shower  of  red*hot  stones  and  cinders  were  thrown  up  to  a 
coDsiderable  height.  Immediataly  upon  sight  of  the  lava,  I  left 
Naples  with  a  party  of  my  couotrymen,  whom  I  found  as  impatient 
as  myself  to  satisfy  their  curiosity  in  exaroioiug  so  curious  an  opera- 
tion of  nature.  .1  passed  th#  whole  night  upon  the  mountain;  and 
observed  that,  though  the  red*hot  stones  were  thrown  up  in  much 
greater  number  and  to  a  more  considerable  height  than  before  the  ap- 
pearance of  the  lava,  yet  the  report  was  much  less  considerable  than 
some  days  before  the  eruption.  The  lava  ran  near  a  mile  in  an 
hour's  time,  when  the  two  branches  joined  in  a  hollow  on  the  side 
of  the  mountain,  without  proceeding  farther.  I  approached  the 
mouth  of  the  volcano,  as  near  as  I  couki  with  prudence ;  the  lava 
had  the  appearance  of  a  river  of  red-hot  and  liquid  metal,  such  as 
we  see  in  the  glass-houses,  on  which  were  large  floating  cinders  half 
lighted,  and  rolling  one  over  another  with  great  precipitation  down 
the  side  of  the  mountain,  forming  a  most  beautiful  and  uncommon 
cascade ;  the  culo-;s.r  of  the  tire  was  much  paler  and  brighter  on 
the  first  than  the  subsequent  nights,  when  it  became  of  a  deep 
red,  probably  owing  to  its  having  been  more  impregnated  with  sul- 
phur at  first  than  afterwards.  In  the  day  time,  unless  you  are  quite 
close,  the  lava  has  no  appearance  of  fire ;  but  a  thick  white  smoke 
marks  its  course. 

The  29th  the  mountam  was  very  quiet,  and  the  lava  did  not  con- 
tinue. The  30th  it  began  to  flow  again  in  the  same  direction,  whilst 
the  mouth  of  the  volcano  threw  up  every  minute  a  gurandole  of  red- 
hot  stones^  to  an  immense  height.  The  31st  I  passed  the  night 
upon  the  mountain ;  the  lava  was  not  so  considerable  as  the  first 
night,  but  the  red-hot  stones  were  perfectly  transparent,  some  of 
which  I  dare  say  of  a  ton  weight,  mounted  at  least  200  feet  perpen- 
dicular, and  fell  in,  or  uear  the  mouth  of  a  little  mountain,  that 
was  now  formed  by  the  quantity  of  ashes  anti  stones,  within  the 
great  mouth  of  the  volcano,  and  which  made  the  approach  much 
safer  than  it  had  been  some  days  before,  when  the  mouth  was  near 
half  a  mile  in  circumference,  and  the  stones  took  every  direction. 
Mr,  Hervey,  brother  to  the  Earl  of  Bristol,  was  very  much  wounded 
in  the  arm  some  days  before  the  eruption,  having  approached  too 
aear ;  and  two  English  gentlemen  with  him  were  also  hurt.  It  is 
impossible  to  describe  the  beautiful  appearance  of  these  girandoles 
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of  red-hot  itotMs,  Ar  surpaning  ibe  most  utonuhing  ntifidd  fiic* 

woA. 

Fr»mthe91st  of  March  to  ibc^th  of  April,  the  lavs  e 
an  tbc  SUM  side  of  the  mountain  in  two,  three,  and  w 
brandiea,  without  desceiKliTiir  mud)  lower  than  the  fint  n^t.  1 
icinariiefl  a  kbd  of  inleruiisiiun  in  lli# fever  of  ibc  tnonntain,  which 
seemed  to  return  with  violence  e\CTy  other  night,  pu  the  lOlh  of 
April  at  night  the  lava  disappeared  on  the  «de  of  the  monntaio  lo> 
wards  Naples,  and  broke  out  with  much  more  violence  on  the  side 
next  the  Torre  dell'  AonuDciRta, 

I  passed  t  lie  whole  day  and  the  night  of  the  1?lh  upon  the  monih 
lain,  and  followed  the  course  of  the  lava  to  ils  ver^  source  ;  it  bunt 
out  of  the  side  of  the  uiountaiu,  within  about  half  a  mile  of  the 
mouth  of  the  volcano,  like  a  torrent,  attended  with  violent  explo- 
sions, which  ibrew  up  iuflnmed  matter  to  a  considerable  height,  the 
adjacent  ground  quivering  libe  the  limbersof  a  water-mill;  the  beat 
of  the  lava  was  so  great  as  not  to  suffer  me  to  approach  nearer 
than  within  ten  feet  of  the  stream,  and  of  such  a  consistency  (though 
it  appeared  liquid  as  water)  as  almost  to  resist  the  impression  of  a 
a  long  stick,  with  which  I  made  the  experiment;  and  large  stonet 
tlirown  on  it  with  all  my  force  did  not  sink,  but,  making  a  slight 
impression,  floated  on  the  surface,  and  were  carried  out  of  sight  m 
a  short  time  ;  for,  notwithstanding  the  consistency  of  the  lava,  it  ran 
with  amazing  velocitj ;  I  am  sure,  the  first  mile  with  a  lapiditv 
equal  to  thai  of  the  river  Severn,  at  the  passage  near  Bristol.  Tlie 
stream  at  its  source  was  about  ten  feet  wide,  but  soon  exIeiHted 
itself,  and  divided  into  three  branches,  so  that  theae  rivers  of  fire 
commnnicating  their  heal  1o  iIip  cinders  of  ibrnier  lavas,  between 
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tcQm  behind.  In  this  manner  it  advanced  to  the  cnltivated  parts  of 
the  mountain ;  and  1  saw  it  the  same  night  o/the  lath,  vnmercifuily 
destroy  a  poor  man*s  vineyard  and  sorronnd  his  cottage,  notwith- 
standing the  oppo^tioii  of  many  images  of  St.  JanuariuSj  that  were 
placed  npon  the  cottage,  and  tied  to  almost  every  vine.  The  lava* 
at  the  farthest  eatremily  from  its  source,  did  not  appear  liquid,  but 
like  a  heap  of  red-hot  coals  forming  a  wall,  in  some  places  ten  or 
twelve  feet  high,  which  rolling  from  the  top  soon  formed  another 
way,  and  so  on,  advancmg  slowly  not  more  than  about  thirty  feet  in 
an  hour. 

The  mouth  of  the  volcano  has  not  thrown  up  any  large  stoned 
»ce  the  second  eruption  of  lava,  on  the  iOth  cff  April,  bat  has 
thrown  up  quantities  of  small  ashes  and  pumice-stones,  that  iiave 
greatly  damaged  the  neighbouring  vmeyards.  I  have  been  aewral 
times  at  the  momitam  since  the  12th;  but  as  the  eruption  was  in  its 
greatest  vigour  at  that  time,  I  have  ventured  to  dwell  on,  and  I  fear 
tire  your  lordship  with  the  observations  of  that  day. 

In  my  last  visit  to  Mount  Vesuvius  the  Sd  <rf  June,  I  s^l  found 
that  the  lava  continued,  but  the  rivers  were  become  rivulets,  and  had 
lost  much  of  their  rapidity.  The  quantity  of  matter  thrown  out  by 
this  emption,  is  greater  than  that  of  the  last  b  the  year  17^,  but 
tfie  damage  to  the  cultivated  hmds  is  not  so  considerable,  owing  H 
ito  havmg  spread  itself  much  more,  and  its  source  beiug  at  least 
three  mfles  higher  up.  This  eruption  seems  now  to  have  exhausted 
itaelf ;  and  I  expect  in  a  few  days  to  see  Vesuvius  restored  to  iIb 
former  tranqni!lity. 

Mount  Etna  in  Sicily  broke  out  the  37tli  of  Aprfl,  and  nrade  a  faivm 
stream  in  two  branches,  at  least  six  miles  in  length,  and  a  mfle  in 
lieadth,  according  to  the  description  given  me  by  Mr.  WUbraham, 
who  was  there,  after  having  seen  with  me  part  of  the  eruption  of 
mount  Etna.  Vesuvros  resembles  it  in  every  respect,  except  that 
mount  Etna,  at  the  place  from  whence  the  lava  flowed  (which  was 
twelve  miles  from  the  mouth  of  the  volcano),  threw  up  a  fountain  of  ^ 
liquid  mflamed  matter  to  a  considerable  height ;  wfaich»  I  am  told, 
mount  Vesuvius  has  done  in  former  eruptions. 

I  beg  pardon  for  having  taken  up  so  much  of  your  timcj  and  yet 
I  flatter  myself,  that  my  description,  which  I  assure  your  lordship  is 
not  cxaggeialed,  wiU  have  aibrded  you  some  amusement 

[PhiL  ItaRf.  17$70 
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SECTION  III. 

General  Observations  on  the  preceding  Section,  a$  deearibeik 

a  Letter  from  the  same  to  Matthew  Matt,  JbL  D.  S^ 

cretary  to  the  Royal  Society. 

Villa  Anoblica»  near  Mount  Vuutiv^ 

October  A,,  1768. 
Sir, 

I  H  Av  B  but  very  lately  received  your  last  obligbg  letter  ofth^  Stk 
of  July,  witli  the  volume  of  Philosophical  Transactioos. 

I  must  beg  of  you  to  expre&s  my  satisfaction  at  the  notioe  the 
Royal  Society  have  been  pleased  to  take  of  my  accoonts  of  the  two 
last  eruptions  *  of  Mount  \'esuvius.  Since  I  have  been  at  my  villa 
here>  I  have  enquired  of  the  inhabitants  of  the  mountain  after 
what  they  had  seen  during  the  last  eruption.  In  my  letter  to  Lord 
Morton,  I  mentioned  nothing  but  what  came  immediately  under  my 
own  observation:  but  as  all  the  peasants  here  agree  in  their  account 
of  the  terrible  thunder  and  lightuing,  which  lasted  almost  the  whofe 
time  of  the  eruption,  upon  the  mountain  only;  I  tUnk  it  a  drciUB- 
stance  worth  attending  to.  Besides  the  lightning,  which  perfectly 
resembled  the  common  forked  lightning,  there  were  many  metconb 
like  what  are  vulgarly  filled  falling  stars.  A  peasant,  in  my  ne^ 
bourhood,  lost  eight  hogs  by  the  ashes  falling  into  the  trough  with 
their  food  :t  hey  grew  giddy,  and  died  in  a  few  hours.  The  last  day 
of  the  eruption,  the  ashes,  which  fell  abundantly  upon  the  mountaio, 
were  as  white  almost  as  snow  ;  and  the  old  people  here  assure  me, 
that  is  a  sure  symptom  of  the  eruption  being  at  an  end.  These  cu> 
cumstances  being  well  attested,  I  thouglit  worth  relating. 

It  would  require  many  years  close  application,  to  give  a  proper 
and  truly  philosophical  account  of  the  volcanoes  in  the  neighbour- 
hood of  Naples;  but  I  am  sure  such  a  history  nught  be  givei^ 
supported  by  demonstration,  as  would  destroy  every  system  hitherto 
given  upon  this  subject.  We  have  here  an  opportunity  of  seeng 
volcanoes  in  all  their  states.  I  have  been  this  summer  in  the  island 
of  Ischia ;  it  is  about  eighteen  miles  round,  and  its  whole  basis  » 
lava.  The  great  mountain  in  it,  near  as  high  as  Vesuvius^  formerly 
called  Epomeus,  and  now  San  Nicolo,  I  am  convinced  was  thrown  up  | 
by  degrees ;  and  I  have  no  doubt  in  my  own  mind,  but  that  tbi 

•  Sir  William  in  this  passage  refers  to  a  second  letter  upon  the  «■€  iiiuectt 
which  we  !•? e  not  thought  it  oecesarj  to  copy^— >JBdifor. 
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bltnd  itself  rose  out  of  the  sea  in  the  same  fnanner  as  some  of  the 
Azores*    I  am  of  the  same  opinion  with  respect  to  Mount  Vesuvios* 
•nd  all  the  high  grounds  near  Naples ;  as  having  not  yet  seen^  in  any 
€Hie  place,  what  can  be  called  virgin  earth.    I  had  the  pleasure  of 
aeeing  a  well  sunk,  a  few  days  ago,  near  my  villa,  which  b,  as  you 
know,  at  the  foot  of  Vesuvius,  and  close  by  the  sea  side.    At  twenty* 
five  feet  below  the  level  of  tlie  sea  they  came  to  a  stratum  of  lava» 
and  God  knows  how  much  deeper  they  might  have  still  found  other 
lavas.    The  soil  all  round  the  mountain,  which  is  so  fertile,  consbts 
of  stratas  of  lavas,  ashes,  pumice,  and  now  and  then  a  thin  stratum 
of  good  earth,  which  good  earth  b  produced  by  the  surface  moulder- 
ing, and  the  rotting  of  the  roots  of  plants,  vines,  &c.    This  is  plainly 
to  he  seen  at  Pompeii,  where  they  are  now  digging  into  the  ruins  of 
that  ancient  city ;  the  houses  are  covered^  about  ten  or  fifteen  feet, 
vrith  pumice  aud  fragments  of  lava,  some  of  which  weigh  three 
pounds  (which  last  circumstance  I  mention  to  shew,  that,  in  a  great 
eruption,  Vesuvius  has  thrown  stones  of  this  weight  six  miles,  which 
is  its  dbtance  from  Pompeii,  in  a  direct  line) ;  upon  thb  stratum  of 
pumice,  or  rapilli,  as  they  call  them  here,  is  a  stratum  of  excellent 
mould,  about  two  feet  thick,  on  which  grow  large  trees,  and  excel- 
lent grapes.    We  have  then  the  Solfaterra,  which  was  certainly  a 
▼okano,  and  has  ceased  from  operating,  for  want  of  metallic  particles 
and  over*abonnding  with  sulphur.    You  may  trace  its  lavas  into  the 
sea.    We  have  the  Lago  d'Avemo,  and  the  Lago  dAgnano,  both  of 
which  were  formerly  volcanoes;  and  Astroni,  which  still  retains 
.  its  form  more  than  any  of  these.    Its  crater  is  walled  rouud,  and  hb 
Sicilian  miyesty  takes  the  diversion  of  boar  hunting  in  thb  volcano ;  , 
and  neither  hb  m^esty,  or  any  one  of  his  court,  ever  dreamed  of  its 
Ibrmer  state.    We  have  then  that  curious  mountain,  called  Mon* 
-  tagno  Nuovo,  near  Puzzole,  which  rose,  in  one  night,  out  of  the 
Xiucrine  Lake;  it  b  about  150  feet  high  and  three  miles  round.    I 
do  not  think  it  more  extraordinary^  that  Mount  Vesuvius  in  many 
mges»  should  rise  above  2000  feet ;  when  this  moimtain,  as  b  well 
attested,  rose  in  one  night,  no  longer  ago  than  the  year  1538.    I 
have  a  project,  next  spring,  of  passing  some  days  at  Puzzole,  and  of 
dissecting  thb  mountain,  taking  its  measures,  and  making  drawings 
of  its  stratas  |  for,  I  perceive,  it  b  composed  of  stratas,  like  Mount 
Vesiiviusi  but  without  lavas.    As  thb  mountain  b  so  undoubtedly 
formed  entirely  from  a  phme,  I  should  think  my  projact^may  give 
iight  into  the  foimation  of  many  other  mountains,  that  are  at  pretent 
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dKHvht  to  1"^^  ^^^^  origiiml,  and  m  caitnUy  not  tib  if  th 
stnte  correspond  with  tboM  of  the  MoBtagnoMnowtw  I  iMi 
be  ghd  to  know  whether  you  thmk  thii  l^jfect  offaaMwrfll  he» 
Ad;  tnd,  if  yoa  do,  the  resolt  of  ny  ohtcnritHNM  «ngf  bo  Ifee  «ik 
ject  of  another  letter. 

I  cannot  have  a  greater  pleasure  than  to  fmtfkoj  a^  hmmt  kmm 
in  what  may  be  of  lonie  little  use  to  BMnkiod;  wmi  WKfkiim 
carried  me  into  a  country,  which  aflbrdsaB  ample  §M  fcrafcwwi 
tion.  Upon  the  whole,  if  I  was  to  establish^  ayilmnbil  woul^  hf^ 
that  monntains  are  produced  by  voicanoe^  mid  sal  vakmwaa  b; 
mountains. 

I  fear  I  have  tired  you:  but  the  snljeet  of  micanofj  it  is 
favourite  a  one  with  me,  that  it  has  led  me  on  I  kwow  aot  how:  I 
shall  only  add,  that  Vesuvius  is  qiiiet  at  prmenls  though  fcij  hot  H 
top,  where  there  is  a  deposition  of  boiling  sulphur.  Ite  Javs  thsK 
run  in  the  Fossa  Grande  during  the  last  eruptioi^  and  is  at  least  2O0 
ieet  thick,  b  not  yet  cool;  a  stick,  put  into  its  cmiesa,  lakes  ire 
immediately.  On  the  sides  of  the  crevioes  are  fine  ciyaidfine  sahi: 
as  they  are  the  pure  salti^  which  exhale  from  the  bifa  thai  hmm 
communication  with  the  interior  of  the  mountaiib  tbej  may  pcskqa 
indicate  the  composition  of  the  lava» 

[PUL  TuHU.  1769.] 

SECTION  IT. 

Enqftion  of  Feswoim  in  1799y  as  described  in  a  Later  jrm 

Sir  William   Hamilton,  K.B.F.R.S.  ro  Joseph 

Banks,  Esq.  F.R.S. 

NaPLBS,  Oci^er  1,  1779. 
Sir, 

The  late  eruption  of  Mount  Vesuvius  was  of  so  nngular  a  natwc^ 
so  very  vrolent  and  alarming,  that  it  necessarily  attracted  the  atten- 
tion of  eveiy  one,  not  only  in  its  immediate  neighbourhood,  but  for 
many  mUes  around ;  and,  consequently,  several  slight  descriptiomof 
it  have  been  already  handed  about,  and  some  (as  I  am  iafbrand) 
more  accurate  aaNl  circumstantial  are  preparing  tat  the  piess*. 

•  Tke  inkatitmnU  of  thii  great  city  is  geBenA  give  so  little  sttea^  <• 
MoaiityeMi¥|iii,tlieiigkinfirilviewoftlMgmleitpeitoni,  tket  1  MveB 
convliicedBiany  ofito  ernpUem  pasi  totally  VBMitiewl  bg  at  kasl  fn^fcrf 
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That  OD  which  the  Abbot  Bottb  is  actually  employed*  by  com- 
mand of  hb  Sicilian  Miyesty,  will  undoubtedly  be  executed  with  the 
same  accuracy,  truth,  apd  precision,  as  have  rendered  that  author's 
former  publications  upon  the  subject  of  Mount  Vesuvius  sa  univer- 
sally and  deservedly  esteemed. 

Such  a  publication,  executed  with  magnificence  in  the  royal 
printing  office,  may,  perhaps,  render  every  other  account  of  the  late 
eruption  superfluous :  nevertheless,  I  should  think  myself  in  some 
degree  guilty  of  a  neglect  towards  the  Royal  Society,  who  have  done 
so  much  honour  to  my  former  communications,  if  I  did  not,  throng 
the  respectable  channel  of  its  worthy  president,  and  my  good  friend, 
simply  relate  to  them  such  remarkable  circumstances  as  attended 
the  late  tremendous  exf^osions  of  Mount  Vesuvius,  and  as  either 
came  immediately  under  my  own  inspection,  or  have  been  related  to 
me  by  such  good  authority  as  cannot  be  called  in  question. 

Since  the  great  eruption  of  1767,  of  which  I  had  the  honour  of 
giving  a  particular  account  to  the  Royal  Society,  Vesuvius  has  never 
been  free  from  smoke,  nor  ever  many  months  without  throwing  up 
red-hot  scoriss,  which,  increasing  to  a  certain  degree,  were  usually 
followed  by  a  current  of  liquid  lava;  and,  except  in  the  eruption  of 
17779  dxMe  lavas  broke  out  nearly  from  the  same  spot,  and  ran 
mnch  in  the  same  direction,  as  that  of  the  famous  eruption  of 

1767. 

No  less  than  nine  such  eruptions  are  recorded  here  since  the 
great  one  above*mentioned,  and  some  of  them  were  considerable. 
I  never  failed  visiting  those  lavas  whilst  they  were  in  full  force,  and 
as  constantly  examined  them  and  the  crater  of  the  volcano  after  the 
ceasing  of  each  eruption  *• 

It  would  be  but  a  repetition  of  what  has  been  described  in  my 
former  letters  on  this  subject,  were  I  to  relate  my  remarks  on  those 
difierent  expeditions.  The  lavas,  when  they  either  boiled  over  the 
crater,  or  broke  out  from  the  conical  parts  of  the  volcano,  con- 


•  The  last  vitit  to  tkt  crater  of  Yeginrias  which  was  in  the  month  of  Bfaj, 
17f9,  was  my  Hfty-cighth,  and  to  he  sure  I  have  been  four  tiraes  as  often  on  parts 
•f  the  moantain,  without  climbing  to  its  summit,  and  after  all  am  not  ashamed 
to  own,  that  f  comprehend  very  tittle  of  the  wonders  I  hare  seen  in  this  great 
laboratory  of  nature  ;  yet  there  hare  been  naturalists  of  soch  a  wonderftal  peoe-' 
trating  genius,  as  to  hare  thoaght  themselres  sufliciently  qualified  toaccoant  for 
every  hidden  phenomenon  of  Vesorius,  after  having,  literally  speaking,  given 
Che  rolcano  an  coup  ^miU 
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fltantlj  formed  clMoneh  as  regular  ai  if  Hmj  bad  been  cut  hj  tf 
down  the  steep  part  of  the  moinitaiii,  and,  whilst  b  aaOi^  of  p» 
feet  Aision,  continued  their  courM  in  those  chamieb,  which  wi 
sonietinies  fiiU  to  the  brin,  and  at  other  times  move  or  less  lo^  as^ 
cording  to  the  quantity  of  matter  in  motion. 

These  channels,  upon  examination  after  an  entpdon,  I  bmc 
found  to  be  m  general  from  two  to  five  or  six  firet  wide;  nod  aes« 
or  eight  feet  deep.  Tliey  were  often  hid  fh>m  the  sight  bj  m  ipmafSHj 
of  icmm  that  had  formed  a  crust  oier  them»  and  the  lava  tevb^ 
been  conreyed  in  a  covered  way  for  some  yardsi  caase  wot  Avail 
again  into  an  open  channel.    After  an  eruption  I  have'  walked  in 
some  of  tliose  subterraneous  or  covered  galleries  which  ware  exceed* 
iogly  curious,  the  sides,  top,  and  bottom,  being  worn  perfectly 
smooth  aud  even  in  most  parts  by  the  violence  of  the  cwrreuts  of 
the  red-hot  lavas,  which  they  had  conveyed  for  many  weeks  siioees* 
sively ;  in  others,  the  lava  had  incrusted  the  sides  of  those  channeb 
with  some  very  extraordhiary  tcarut :  beaotifully  randfied  with  whils 
salts,*  in  the  form  of  dropping  stalactites,  were  also  altndied  Is 
many  parts  of  the  ceiling  of  those  galleries.    It  b  imagined  henv 
that  the  salts  of  Vesuvius  are  chiefly  ammoniac,  though  ofitea 
tinged  with  green,  deep,  or  pale  yellow,  by  the  vapour  of  varioal 
minerals. 

In  the  month  of  May  last,  there  was  a  considerable  eruption  of 
Mount  Vesuvius,  when  I  passed  a  uight  ou  the  mountain  in  the  con- 
pany  of  one  of  my  countrymen,  as  eager  as  myself  in  the  pursuit  of 
this  branch  of  natural  history  f . 

We  saw  the  operation  of  the  lava,  m  the  channels  as  abovemea- 
tioned,  in  the  greatest  perfection  ;  but  it  was,  indeed,  owing  Co  our 
perseverance,  and  some  degree  of  resolution.  After  the  lava  had  ' 
quitted  its  regular  chauueb,  it  spread  itself  in  the  valley,  and, 
being  loaded  with  scoria,  ran  gently  on,  like  a  river  that  had  beta 
frozen,  and  had  masses  of  ice  floating  on  it :  the  wind  chaaging 
when  we  were  close  to  this  gentle  stream  of  lava,  which  might  be 
about  fifty  or  sixty  feet  in  breadth,  incommoded  us  so  much  with  h$ 
heat  and  smoke,  that  we  must  have  returned  without  havh^salidiisd 


•  I  sent  a  large  specimeo  of  this  carious  ▼olcanic  prodnctioo  (o  the  BritiA 
Moieiua  but  year, 
f  Bftr.  Bowdler,  of  Bath, 
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<Mir  curiositj,  hid  not  our  guide*  proposed  the  expedient  of  walking 
across  it,  which,  to  our  astonishment,  he  instantly  put  in  execution, 
and  with  so  little  difficulty,  that  we  followed  him  without  hesita- 
tion, having  felt  no  other  inconveniency  than  what  proceeded  from 
the  violence  of  the  heat  on  our  legs  and  feet ;  the  crust  of  the  lava 
was  so  tough,  besides  being  loaded  with  cinders  and  icon<e,  that 
our  weight  made  not  the  least  impression  on  it,  and  its  motion  was 
JO  slow,  that  we  were  not  in  any  danger  of  losing  our  balance  and 
Ailiiig  on  it :  however,  this  experiment  should  not  be  tried  except 
in  cases  of  real  necessity  ;  and  I  mention  it  with  no  other  view  than 
to  point  out  a  possibility  of  escaping,  should  any  one  hereafUr, 
upon  such  an  expedition  as  ours,  have  the  misfortune  to  be  inclosed 
between  two  currents  of  lava* 

Having  thua  got  rid  of  the  troublesome  heat  and  smoke,  we 
coasted  the  river  of  lava  and  its  channels  up  to  its  very  source, 
within  a  quaiter  of  a  mile  of  the  crater.  The  liquid  and  red-hot 
hiatter  bubbled  up  violently,  with  a  hissing  and  crackling  noise, 
like  that  which  attends  the  playing  off  of  an  artificial  firework ;  and, 
by  the  continual  splashing  up  of  the  vitrified  matter,  a  kind  of  arch 
or  dome  was  formed  over  the  crevice  from  which  the  lava  issued. 
It  was  cracked  m  many  parts,  and  appeared  red-hot  within,  like  an 
iieated  oven  :  this  hollowed  hillock  might  be  about  fifteen  feet  high, 
and  the  lava  that  ran  from  under  it  wai  received  into  a  regular 
channel,  raised  upon  a  sort  of  wall  of  scorisB  and  cinders,  almost 
perpeodicularly,of  about  the  height  of  eight  or  ten  feet,  resembling 
BUich  an  ancient  aqueduct. 

We  then  went  up  to  the  crater  of  the  volcano,  in  which  we  found, 
ai  usual,  a  tittle  mountain  throwing  tcon£  and  red-hot  matter  with 
lottd  explosions  ;  but  the  smoke  and  smell  of  sulphur  was  so  into- 
lerable, that  we  were  under  th«  necessity  of  quitting  that  curious 
^pot  with  the  utmost  precipitation. 

In  another  of  my  excursions  to  Mount  Vesuvius  last  year,  I  picked 
op  some  fragments  of  large  and  regular  crystals  of  close-grained 
lava  or  basalt,  the  diameter  of  which,  when  the  prisms  were  com- 
plete, may  have  been  eight  or  nuie  inches.  As  Vesuvius  does  not 
exhibit  any  lavas  regufatfly  crystallized,  and  forming  what  are  vul- 
garly called  Giants  Causeways  (except  a  lava  that  ran  into  the  sea 

•  Bartolomeo,  the  Cyclops  of  VetUTiot,  who  hat  attended  mc  on  all  my 
ezpeditions  to  the  monntaio,  and  who  ii  an  excellent  f^ide. 
VOL.  I.  2  A 
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iiearTbmdelGrecoinlfiSl,  and  whicli u  a  mbsII  degree faasiiA 
ao  appearance),  thb  discovery  gave  me  the  greatest  plemue  \ 

After  this  slight  sketch  of  the  most  remarkable  CTcnta  oo  ¥■»' 
vius  suice  the  year  1767*  which  I  flatter  myself  will  not  be  gfl» 
ceptable,  as  it  may  serve  to  connect  ivbat  I  am  going  to  rehle  witt 
what  has  already  been  communicated  to  the  Society  10  my  fanmi 
letter*,  on  the  same  subject,  I  come  to  the  acooimt  of  tbe  late 
eruption,  which  aliords  indeed  ample  matter  for  cunona  jpecniatios. 

As  many  poetical  descriptions  of  thb  empf  ion  will  not  be  wapfBiB^ 
I  shall  confine  mine  to  simple  matter  of  fact  io  plaiD  prase^  imI 
endeavour  to  convey  to  you,  Sir,  as  clearly  and  as  distfaietly  aa  I  am 
able,  what  I  saw  myself^  and  the  impression  it  made  upon  me  at 
the  time,  without  aiming  in  the  least  at  a  flowery  atyle. 

The  usual  symptoms  of  an  approaehmg  ereption;  sach  as  mmbliag 
noises  and  explosions  within  the  bowels  of  the  velcaoo^  a  quotity 
of  smoke  issumg  with  force  from  its  crater,  accompwied  at  titlMs 
with  an  emission  of  red-hot  scoritt  and  ashes,  were  DHUuiesI,  omA 
or  less,  during  the  whole  month  of  July ;  and  towards  the  end  of 
the  month,  those  symptoms  were  increased  to  soch  a  degree  as  la 
exhibit  in  the  night*time  the  most  beautiAd  fire-works  that  caa  ke 
imagined. 

These  kinds  of  throws  of  red-hot /^ortr  and  other  Tolcanie  matter, 
which  at  night  are  so  bright  and  luminous^  appear  in  broad  daj^ 
light  like  so  many  black  spots  in  the  midst  of  the  whke  smoke ;  sad 
it  is  this  circumstance  that  occasions  the  vulgar  and  false  suppositioB, 
that  volcanoes  bum  much  moFe  violently  at  rngbt  than  in  the 
day-time. 

On  Thursday,  the  5th  of  August  last,  about  two  o'clock  ia  the 
aAemoon,  I  perceived  from  my  villa  at  Paosilipo  in  the  bay  of 
Naples,  from  wlience  I  have  a  full  view  of  Vesuvius  (which  is  just 


•  As  the  fragments  of  basalt  columns,  which  I  found  on  the  cone  of  V< 
vius,  had  been  evidently  thrown  out  of  its  crater,  may  not  lava  be  more  salyect 
to  crystallize  within  the  bowels  of  a  volcano  than  after  its  emission,  and  teiw 
ini;  been  exposed  to  the  open  air  ?  And  may  not  many  of  the  Giants'  Qmk* 
ways,  already  discovered,  be  the  nucle'  of  volcanic  mountains,  whose  Ughtec 
and  less  solid  parts  may  have  been  worn  away  by  the  hand  of  time  f  Mr.  Fka^ 
jaisde  St.  Fond,  in  his  curious  book  lately  published,  and  iDtitled  ^*RccheF 
ches  sur  les  Volcains  eteints  du  Vivarais  el  du  Velay,"  gives  (p.  S86)an  eiaB|ile 
of  basalt  columns,  that  are  placed  deep  within  the  ccater  of  ao  extingnML 
volcano* 
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■  opposite,  and  at  the  distance  of  about  six  miles  in  a  direct  line  from 
■^  it)  that  the  volcano  was  in  a  most  violent  agitation :  a  white  and 
^  sulphureous  smoke  issued  continually  and  impetuously  from  its 
h  crater,  one  puff  impelling  another,  and  by  an  accumulation  of 
'  those,  clouds  of  smoke  resembling  bales  of  the  whitest  cotton. 
Such  a  mass  of  them  was  soon  piled  over  the  top  of  the  volcano  as 
eiceeded  the  height  and-  siie  of  the  mountain  itself  at  least  four 
times.  In  the  midst  of  this  very  white  smoke,  -  an  immense  quantity 
of  stones,  /^orir,  and  ashes,  were  shot  up  to  a  wonderful  height, 
certainly  not  less  than  two  thousand  feet*  I  could  also  perceive,  by 
the  help  of  one  of  Ramsden's  most  excellent  refracting  telescopes, 
at  times,  a  quantity  of  liquid  lava,  seemingly  very  weighty,  just 
heaved  up  high  eilough  to  clear  the  rim  of  the  crater,  and  then  take 
its  course  impetuously  down  the  steep  side  of  Vesuvius,  opposite  to 
Somma.  Soon  after  a  lava  broke  oOt  on  the  same  side  from  about 
the  middle  of  the  conical  part  of  the  volcano,  and,  having  run  with 
violence  some  hours,  ceased  suddenly,  just  before  it  had  arrived 
at  the  cultivated  parts  of  the  mountain  above  Portici,  near  four 
miles  from  the  spot  where  it  issued. 

During  this  day's-  eruption,  as  I  have  been  credibly  infomied 
since,  the  heat  was  intolerable  at  the  towns  of  Somma  and  Ottaiano ; 
and  was  likewise  seilisibly  felt  at  Palma  and  Lauro,  which  are  much 
farther  from  Vesuvius  than  the  former.  Minute  ashes,  of  a  reddish 
liae,  fell  so  thick  at  Somma  and  Ottaiano,  that  they  darkened  the 
air  in  such  a  numner  that  objects  could  not  be  distingubhed  at 
the  distance  of  ten  feet.  Long  filaments  of  a  vitr^ed  matted  like 
spun«glass  were  mixed  and  fell  with  these  ashes*;  and  the  sulphu- 
reous smoke  was  so  violent,  that  several  birds  in  cages  were  suffo- 
cated, the  leaves  of  the  trees  in  the  neighbourhood  of  Somma  and 

•  During  an  eruption  of  the  volcano  in  the  Isle  of  Bourbon  in  1766,  some  miles 
of  country,  at  the  distance  of  six  leagues  from  that  volcano,  were  covered  with 
a  flexible,  capillary,  yeUow  glass,  some  pieces  of  which  were  two  or  three  feet 
long,  with  niiall  vitreous globnlei  at  a  little  distance  one  from  the  other.  Count 
Buffon  shewed  me  some  of  this  capillary  and  flexible  glassV  which  is  preserved 
in  the  Royal  Museum  at  Paris,  and  which  perfectly  resembles  the  filaments 
of  vitrified  matter  which  fell  at  Oaaiano  and  in  other  parts  oo  the  borders  pf 
Vesuvius  during  this  eruption.  Sorrentino,  in  his  Istoria  del  Vesuvio,  pub- 
lished at  Naples  in  17S4,  likewise  mentions  vitrified  matter,  like  herbs  and 
itiaw,  being  found  on  the  ground  in  the  neighbourhood  of  Vesuvius  during  an 
eruption  of  that  BMNUtain  In  the  year  1794. 
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Ottaiano  were  covered  with  white  salts  very  comMive.  Aboal  tw 
o'clock  in  the  afternoon,  an  extraordinary  ^obe  of  anokc,  of  a  ve^ 
great  diameter,  was  distinctly  perceived,  by  mmy  of  the  ialMhitarii 
of  Portici,  to  issue  from  the  crater  of  VeMvins^  wmd  procanl  hasHy 
towards  the  mountain  of  Somma,  against  which  it  stnsck  and  di»» 
persed  itself,  having  left  a  train  of  white  smoke,  maridof  the  com 
it  had  taken :  thb  train  I  perceived  plainly  ftom  my  vflky^iit taitcd 
some  minutes ;  but  I  did  not  see  the  globe  itsdl£ 

A  poor  labourer^  who  was  making  faggots  on  the  oioailaiB  of 
Somma,  lost  his  life  at  thb  time,  aad  his  body  Bet  heviag  been 
found,  it  is  siqpposed  that,  suffocated  by  the  soMkc^  he  nnst  haie 
fallen  into  the  valley  from  the  craggy  racks  oo  which  he  was  at 
work,  and  been  covered  by  the  current  of  lava  that  look  its  com 
through  that  valley  soon  after.  An  mm,  that  was  wait^  Ibr  its 
master  in  the  valley,  left  it  very  judiciously  as  soao  as  Ae  mouaiA 
became  violent,  and,arriving  ntt  hooM,  gave  the  int  ahum  to  this 
poor  man's  funily. 

It  was  generally  remarked,  that  the  explosions  of  the  Tokano  wm 
attended  with  more  noise  during  this  day's  eruptloo  than  in  any  ef 
the  succeeding  ones«  when,  most  probably,  the  nMMth  of  Vcsavioi 
was  widened,  and  the  volcanic  matter  Imd  a  freer  pamage.  Ith 
certain,  however,  that  the  great  eruption  of  176T  (wUch  in  eveiy 
other  respect  was  uiild,  when  compared  to  the  late  violeat  eraption) 
occasioned  much  greater  concussions  in  the  *ahr  fagr  its  Jooder 
explosions. 

Friday,  August  the  6th,  the  fermentation  in  the  monntain  was  lc» 
violent ;  but,  about  noon,  there  was  a  loud  report,  at  which  tisM  it 
was  supposed,  that  a  portion  of  the  littk  mooataio-  within  the 
crater  had  fallen  in.  At  night  the  throws  from  the  enter  increaaedy 
and  proceeded  evidently  from  two  separate  mouths,  which  emitting 
red-hot  scarue,  and  in  different  directions,  formed  a  most  bcaatifiil 
and  almost  continued  fire*work. 

On  Saturday,  August  the  7th,  the  volcano  remaioed  much  in  the 
same  state ;  but,  about  twelve  o'clock  at  night,  its  femcaCatioa 
increased  greatly.  The  second  fever-fit  of  the  mountam  may  be 
said  to  liave  manifested  itself  at  this  time.  I  was  watching  its  mo- 
tions firom  the  mole  of  Naples,  which  has  a  full  view  of  the  volcano^ 
and  had  been  witness  to  several  glorious  picturesque  eflbcts  psodaced 
by  the  reflectito  of  the  deep  red  fire,  which  issued  from  tiie  cnler 
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of  Vesuvius,  aud  mounted  up  in  the  midst  of  the  huge  clouds,  when 
a  summer  storm,  called  here  a  iropea,  came  on  suddenly,  and 
blended  its  heavy  watery  clouds  with  the  sulphureous  and  mineral 
ones,  which  were  already  like  so  many  other  mountains  piled  over 
the  summit  of  the  volcano ;  at  thb  moment  a  fountain  of  fire  was 
•hot  up  to  an  incredible  height,  casting  so  bright  a  light,  that  the 
smallest  objects  could  be  clearly  distinguished  at  any  place  withiu 
six  miles  or  more  of  Vesuvius, 

The  black  stormy  clouds  passing  swiftly  over,  and  at  times  cover- 
ing the  whole  or  a  part  of,  tM  bright  column  of  fire,  at  other  times 
clearing  away,  and  giving  a  full  view  of  it,  with  the  various  tints  pro* 
^.  forced  by  its  reverberated  light  on  the  white  clouds  above,  in  con* 
trast  with  the  pale  flashes  of  forked  lightning  that  attended 
the  tropea,  formed  such  a  scene  as  no  power  of  art  can  wei 
express. 

That  which  followed  the  next  evening  was  surely  much  more  for- 
midable and  alarming :  bjut  this  way  more  beautiful  and  sublime 
than  even  the  most  lively  imagination  can  pamt  to  itself.  This  great 
explosion  did  not  last  above  eight  or  ten  minutes,  after  which 
Vesuvius  was  totally  eclipsed  by  the  dark  clouds,  and  there  fell  a 
heavy  shower  of  rain. 

S<mie  sccfia  and  small  stones  fell  at  Ottaiano  during  this  erup- 
titm,  and  some  of  a  very  great  size  in  the  valley  between  Vesuvius 
Mid  the  Hermitage.  AH  the  hihabitants  of  the  towns  at  the  foot  of 
die  volcano  were  in  the  greatest  alarny,  and  preparing  to  abandon 
their  houses,  had  the  eruption  continued  longer. 

One  of  hb  Sicilian  Majesty's  game-keepers,  who  was  out  in  the 
fields  near  Ottaiano  whilst  this  combmed  stonp  was  ^t  its  height, 
was  greatly  surprised  to  find  the  drops  of  rain  scald  bb  iace  and 
hands,  which  phenomenon  was  probid>ly  occasioned  by  the  doods 
having  acquired  a  great  degree  of  heat  m  passing  through  the  above 
mentioned  column  of  fire.  The  King  of  Naples  did  me  the  hpnour 
of  informing  me  of  thb  curious  circumstance. 

Sunday,  August  tlie  8th^  Vesuvius  was  quiet  MH  towards  m  oVIoi^^ 
in  the  evening;  when  a  great  smoke  began  to  gather  again  oy^r  its 
crater,  and  about  an  hour  after,  a  rumbling  subterraneous  qoise  was 
heard  in  the  neighbourhood  of  the  volcano ;  the  usual  throws  of 
led-hot  stones  and  scoria  began,  and  increased  every  instant.  I  was 
at  ti^b  time  at  Fausilipoi  in  the  company  of  several  pf  my  country- 
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men,  observing  with  good  telescopes  the  cnrious  phaBoomeiM  in  1k1 
crater  of  Vesuvius,  which>  with  such  help,  we  couki  dtst«gii|ihs| 
well  as  if  we  had  been  actually  seated  on  the  sumrait  of  the  voloi 
The  crater  seemed  much  enlarged  by  the  violcnoe  of  hsi  tu^\ 
explosions,  and  the  little  mountain,  no  longer  exbled.  At  wbtm 
nine  o'clock  there  was  a  loud  rUport,  which  shook  the  lioiuc8il{ 
Portici  and  its  neighbourhood  to  such  a  degree  as  tm-afauni  tlKir  li 
habitants,  and  drive  them  out  into  the  streets;  and,  as  J  liave  siaot 
seen,  many  windows  were  broken,  and  walls  crackcdt'..bj  tiie  ooa- 
cussion  of  the  air  from  that  expMnon,  though  fiuntly  hcaid  at 
Naples. 

In  an  instant  a  fountain  of  liquid  transparent  fire  began  to  rise, 
and,  gradually  increasing,  arrived  at  so  amasing  a  height  as  to  strike 
every  one  who  beheld  it  with  the  most  awful  astonishmeot.  I  shaU 
scarcely  be  credited  when  I  assure  you,  Sir,  that,  to  the  best  of  ny 
judgment,  the  height  of  this  stupendous  column  of  fire  could  not  be 
less  than  three  times  that  of  Vesuvius  itself,  which,  as  you  know, 
rises  perpendicularly  near  3^00  feet  above  the  level  of  the  8ea\ 

Pu£  of  smoke,  as  black  as  can  possibly  be  imagined,  succeeded 
OQ^  another  hastily,  and  accompanied  the  red*hot,  traospaient,  and 
liqnkl  lava,  interrupting  its  splendid  brightness  here  and  theie  by 
patches  of  the  darkest  hue.  Withm  these  pu£&  of  auMike,  at  the 
very  moment  of  their  emission  from  the  crater,  I  could  perceive  t 
bright,  but  pale,  electrical  fire,  briskly  phiying  about  in  ag-sig 
linest* 

•  The  wind  was  S.  W. ;  and  though  gentle  was  sufficient  to  cany 
these  detached  clouds  or  puffs  of  smoke  out  of  the  coiumn  of  fire, 
and  a  collection  of  them,  by  degrees,  formed  a  black  and  extensive 
curtain  (if  I  may  be  allowed  the  expresrion)  belund  it;  is 
other  parts  of  the  sky  it  was  perfectly  clear,  and  the  stars  were 
bright. 


•  Se  tu  Be'  or  lettore,  a  creder  lento 
Cid,  cb'e  lo  dird,  non  sar^  nuUBv^i^Iia ; 
Che  lo,  che  V  vidi ;  appeoa  il  mi  consento. 

Dante  Inf.  Cant.  xxv.  vtno  46* 

1 1  mention  thiscircamstance  to  prove,  that  the  electrical  matter,  M 

feat  during  thii  eruption,  actually  proceeded  from  the  bowels  of  the  yoIcsm, 
aad  was  not  attracted  from  a  great  height  in  the  air,  and  condiKted  isto  Its 
crater  by  the  vast  cdonn  of  smoke. 
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The  fiery  foontsio,  of  so  gigantic  a  size,  upoo  the  dark  ground 
above  mentioDed»  made  the  mo$t  glorious  contrast  imaginable,  and 
the  blaxe  of  it  reflected  strongly  on  the  surface  of  the  sea,  which 
was  at  that  time  perfectly  smooth,  added  greatly  to  this  sublime 
view. 

The  liquid  lava,  mixed  with  stones  and  rcoria,  aAer  having 
mounted,  I  fcrily  believe,  at  the  least  ten  thousand  feet,  was  partly 
directed  by  the  wind  towards  Ottaiano,  and  partly  falling  almost 
perpendicularly,  still  red-hot  and  liquid,  on  Vesuvius,  covered  its 
whole  cone,  part  of  that  of  tl|e  mountain  of  Somma,  and  tlie  valley 
between  them.  The  fiiliing  matter  being  nearly  as  vivid  and  inflamed 
as  that  which  was  continually  issuing  fresh  from  the  crater,  formed 
with  it  one  complete  body  of  fire,  which  could  not  be  less  than  two 
miles  and  a  half  in  breadth,  and  of  the  extraordinary  fceight 
above  mentioned,  casting  a  heat  to  the  distance  of  at  least  six  miles 
around  it. 

The  brush-wood  on  the  mountain  of  Somma  was  soon  in  a  blaze, 
which  flame,  being  of  a  different  tint  from  the  deep  red  of  the 
matter  thrown  out  of  the  volcano,  and  firom  the  silvery  blue 
of  the  electrical  fire,  still  added  to  the  contrast  of  this  most  .extraor^ 
dinary  scene. 

The  black  cloud  increasing  greatly  once  bent  towards  Naples,  and 
seemed  to  threaten  this  fiur  city  with  speedy  destruction ;  for  it  %vas 
charged  with  electrical  matter,  which  kept  constantly  darting  about 
it  hi  strong  and  bright  fsig-zags,  just  like  those  described  by  Pliny  the 
younger  in  his  letter  to  Tacitus,  and  whicli  accompanied  the  great 
eruption  of  Vesuvius  that  proved  fatal  to  his  uncje  *•  This  volcanic 
lightnmgy  however,  as  I  particularly  remarked,  very  rarely  quitted 
the  cloud,  but  usually  returned  to  the  great  column  of  fire  towards 

the  crater  of  the  volcano  from  whence  it  originally  camef.    Once 

^■«««i"™^"Mi«^""»"i""^""^-"^i^"— ^^-"^^-^■^""""^''""^•"""^^"^""^■^^^^^"^"""^"^^^""^"""^■"'•^"^■^^^"-^■■■««^— » 

*  **  Ab  altero  latere,  nabes  atni,  et  borrenda,  ifnei  Rpiritoi  tortis  vibratisqae 
diflcanibnt  nipU,  In  longas  Saounaniin  Sguras  debjscebat ;  ftilgoribiiB  ilia,  et 
timiles  et  nu^onn,"    Plin.  Epist, 

t  Sorrentino  mentions  the  ^ke  observation,  which  he  made  doring  an 
emption  of  VetuYius  in  1707,  when  the  same  kind  of  black  cloud  bent  over 
Naples  (  these  are  his  words.  **  Alle  ore  19,  tutti  i  cittadini  nelle  os^ure 
tenebre  si  trovaroiio  in  meuo  delle  Sadtte,  delle  qoali,  alcane  vedeansi  nscir 
dalla  fomaoe  del  Vesovio,  e  scoreere  sino  al  capo  di  Fausilipo,  (Ponde  non 
paimndo  piA  inanii  fttor  la  novola  delle  cencri^o  divertini  altronde,  indietPo 
per  Tistessa  linea  toraarono  a  scopiar  so  la  fomact,  oade  nKir90o :  floal  mot^ 
retrograde  nai  ha  potato  Intenderc.*' 

9  A4 
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or  twice,  indeed,  I  mm  this  Ughtning  (ot/pnili,  as  it  is  called  hsn) 
fall  on  the  top  of  Somna,  and  set  fire  to  some  dry  gnus  isi 

bashes*. 
Fortunately  for  us  the  wind  increasing  from  the  S.  W.  qnutn; 

carried  back  the  threatening  eloud  just  as  it  had  reached  Che  dHy, 
and  began  to  occasion  great  alarm.  All  pnMic  dif  ersioiis  cetfMd  in 
an  instant,  and  the  theatres  being  shut,  the  doors  oTAe  cboidrts 
were  thrown  open.  Numerous  proceasioos  were  fanned  in  the 
streets,  and  women  and  children,  with  dishefelM  head%  filled  the 
air  with  their  cries,  insistuig  londiy  upon  the  rdics  of  St.  Jamiarias 
being  immediately  opposed  to  the  fory  of  the  momiUun:  in  short, 
the  populace  of  this  great  city  began  to  display  its  usual  eatravagant 
mixture  of  riot  and  bigotry,  and  if  some  q>eedy  and  wdl-timedpes* 
cautioDS  had  not  been  taken,  Naples  would,  perhaps,  have  been  ia 
more  danger  of  suffering  from  the  irregularities  of  its  lower  dasi  of 
inhabitants,  than  from  the  angry  volcano. 

But  to  return  to  my  subject :  After  the  column  of  fire  bad  con- 
tinued in  full  force  near  half  an  hour,  the  eruption  oeased  all  at  once, 
and  Vesuvius  remained  sullen  and  silent.  After  the  dasding  light 
of  the  fiery  fountain  t«  all  seemed  dark  and  dismal,  eacept  the  cone 
of  Vesuvius,  which  was  covered'  with  glowing  cinders  and  icsriir, 
from  under  which,  at  times,  here  and  there,  small  streams  of  liquid 
lava  escaped,  and  rolled  down  the  steep  sides  of  the  volcano.  Tim 
scene  put  me  in  mind  of  Martial*s  description  of  Etna : 

Cuncta  jaunt Jlammis  et  trisii  mersafamUd, 

In  the  parts  of  Naples  nearest  Vesuvius^  whilst  the  eruptioo  lasted, 
a  mixed  smell,  like  that  of  sulphur,  with  the  vapours  of  an  iron 


^  Some  time  after  the  eruption  had  ceased,  the  air  continicd greatly  impreg- 
nated ivith  electrical  matter.  The  Duke  of  Cotrosiaoo,  a  Neapolitan  noblemaa 
'(who,  from  his  superior  knowledge  in  experimental  philotophy  ami  mediaaies, 
does  honour  to  his  country)  told  me,  that  havings  about  half  an  hov  after  the 
great  eruption  had  ceaied,  held  a  Leyden  bottle,  armed  with  a  pointed  wire,  oat 
of  his  window  at  Naples,  it  soon  became  considerably  chaiged.  Whilst  the 
eruption  was  in  force,  its  appearance  was  too  alarming  to  allow  aae  to 
think  of  such  experiments. 

t  The  light  diffused  by  this  huge  colnmn  of  fire  was  so  strong,  that  the  «0it 
minute  objects  could  be  discerned  clearly  within  the  compass  of  tea  milet  m 
more  round  the  mountain.  M'r.  Morris  an  English  gentleman,  told  me,  that  it 
Sorrento,  which  is  twelve  miles  from  Vesuvius,  he  read  the  title  page  of  a  baok 
by  that  volcanic  light. 
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fbiiudery»  wis  sensible ;  bat  nearer  to  tbe  mountain  tbat  smell  was 
very  offensive,  as  I  have  often  found  it  in  my  visits  to  Vesuvius  during 
an  eruption. 

ThttSy  Sir»  have  I  endeavoured  to  convey  to  you  at  least  a  faint 
idea  of  a  scene  so  glorioas  and  sublime  as,  perhaps,  may  liave 
never  before  been  viewed  by  human  eyes,  at  least  in  such  per- 
fection. 

.  I  am  sensible,  from  the  traces  of  them  I  have  observed  in  the 
volcanic  strata,  which  compose  the  greatest  part  of  this  country,  that 
there  have  been  many  more  considerable  eruptions  than  the  one  just 
described ;  yet,  most  probably,  those  very  violent  eruptions  must 
either  have  been  attended  with  earthquakes,  and  other  such  alarm- 
ing circumstances,  as  to  make  the  bdiolders  less  attentive  to  the 
beauty  of  the  scenes  such  phaenomena  offered  than  to  their  own 
safety ;  or  clouds  of  smoke  and  ashes,  as  is  usually  the  case  in  all 
great  eruptions,  must  have  so  far  obscured  the  volcano,  as  to  exhibit 
only  a  confused  mass  of  (ire  and  smoke. 

Whilst  we  had  been  eiyoyiog  the  extraordinary  sight  of  this 
gigantic  fountain  of  liquid  fire  in  perfect  safety,  the  nnfbrtnnate  in< 
habitants  of  the  other  side  of  the  mountahi  of  Somraa,  particularly  at 
Ottaiano  and  Cacciabella,  were  involved  in  that  dark  and  sooty  cloud 
which  formed  so  proper  a  back  ground  to  our  bright  pictnre,  and 
were  pelted  with  stones  and  sanue  of  lava;  but  I  shall  presently 
give  you  a  particular  description  of  their  truly  distressful  situations, 
just  as  I  had  it  from  many  of  the  poor  sufferers  themselves,  when  I 
visited  that  part  of  the  country  a  few  days  after  thb  eruption. 

Monday,  August  the  9th,  about  nine  o'clock  in  the  morning,  the 
fourth  fever-fit  of  the  mountain  began  to  manifest  itself  by  tbe  usual 
symptoms,  such  as  a  subterraneous  boiling  noise,  violent  explosions 
of  inflamed  matter  from  the  crater  of  the  volcano,  accompanied  with 
smoke  and  ashes,  which  symptoms  increased  every  instant.  The 
smoke  was  of  two  sorts ;  the  one  as  white  as  snow,  and  the  other  as 
black  as  jet 

The  white,  as  described  m  the  former  part  of  this  joiunal,  rolled 
gently  mass  over  mass,  resembling  bales  of  Ihe  softest  cotton ;  and 
the  black  composed  of  leorue  and  minute  ashes  shot  up  with  force  in 
the  midst  of  the  white  smoke,  which,  from  the  minerals,  was  also 
sometimes  tinged  with  yellow,  blue>  and  green.  Presently  such  a 
tremendous  mass  of  thcM  accumulated  clouds  stood  over  Vesuvius 
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ai  ieemed  to  thiteten  Naples  again,  Aid  actnaUy  nada  the 
tain  itself  appear  a  inole  hilL 

This  day's  eruption  was  similar  to  that  of  Thorsilay  last^  but 
degiees  more  violent.  Sibme  stones^  thrown  near  ai  high  aa  tfaoee 
of  last  nighty  fell  on  the  mountain  of  Soomui,  and  aet  fire  to  the 
brush-wood  with  which  it  is  covered;  but  there  being ^Uttle  wind, 
and  that  westerly,  the  volcanic  matter  rose  and  fell  m  a  mora  po^ 
pendicular  direction,  and  Ottaiano  did  not  sufler  by  tiiif  day^  omp- 
tlon ;  but  most  of  the  inhabitants  of  the  towns,  on  the  boidets  o€ 
Vesuvius,  fled  to  Naples,  alarmed  by  the  tremendous  doudsaid  the 
loud  explosions. 

We  remarked,  that  several  very  large  stones,  after  havfaig  mounted 
to  an  immense  height,  formed  a  parabola,  leaving  behind  them  a 
trace  of  white  smoke  that  marked  th^ir  course:  some  burst  in  the 
air  exactly  like  bombs,  and  others  fell  into  the  valley  between 
Sqmma  and  Vesuvius  without  bursting;  otheis  again  burst  into 
a  thousand  pieces  sooq  after  their  emission  from  the  crater :  they 
might  very  pifoperly  be  called  volcanic  bombs. 

In  the  smoke  issuing  from  the  crater  of  Vesuvius  we  often 
remarked  a  sudden  bridk  and  quivering  motion,  whidi  seemed  to 
Gonmiunicate  itself  instantaneously  from  one  cloud  to  another,  and 
sometimes  effected  those  that  were  very  high  in  the  great  mass  above 
the  volcano.  Though  I  could  not  discern  any  electriosl  fire,  yet  I 
make  no  doubt,  but  that  the  effect  above  mentioned  was  occasioned 
by  it,  and  would  have  been  visible  in  the  night-time. 

Upon  the  whole,  this  day's  eruption  was  very  alarming ;  until  the 
lava  broke  out  about  two  o'clock,  and  ran  three  miles  between  the 
two  mountains,  we  were  m  continual  apprehensioo  of  some  fatal 
event.  It  continued  to  run  about  three  hours,  during  which  time 
every  other  symptom  of  the  mountain  fever  gradually  abated,  and 
at  seven  o'clock  at  night  all  was  calm. 

It  was  universally  remarked,  that  the  air  this  night,  for  many  hours 
after  the  eruption,  was  filled  with  meteors,  such  as  arevulgady 
called  falling  stars ;  they  shot  generally  in  an  horizontal  directioD, 
leaving  a  lummous  trace  behind  them,  but  which  quickly  disappeared. 
The  night  was  remarkably  fine,  star-light,  and  without  a  doud. 
This  kind  of  electrical  fire  seemed  to  be  harmless,  and  never  to 
reach  the  ground;  whereas  that  with  which  the  black  volcanie 
cloud  of  hut  night  was  pregnant  appeared  mischievous,  like  the 
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lightning  that  attends  a  severe  thunder  storm»  as  we  should  undoubt- 
edly have  experienced,  had  the  eruptiou  continded  longer,  and  the 
cloud  spread  over  Naples.  The  same  kind  of  lightnbg  proved  fatal 
to  several  people,  and  did  great  damage  within  the  space  of  many 
milcM  round  Vesuvius  during  its  great  eruption  of  1631,  as  is  men- 
tioned in  one  of  my  former  letters  on  this  subject. 

During  this  day's  eruption  the  relics  of  St.*  Januarius  were  carried 
in  procession,  and  exposed  to  the  furious  mountain  from  the  bridge 
of  tlie  Maddaleiia,  amidst  a  prodigious  concourse  of  people,  who 
are  at  this  moment  well  convinced,  that  to  this  ceremony  alone 
Naples  may  attribute  its  happy  escape. 

It  was  from  their  Sicilian  Majesties  palace  at  Pausilipo  that  I 
made  my  observations  on  this  day's  eruption,  and  in  the  presence  of 
their  Majesties,  who  had  been  pleased  to  send  for  me  in  the  morn- 
ing, as  soon  as  the  irolcauo  became  turbulent. 

Tuesdi^,  August  the  10th,  Vesuvius  was  quiet. 

Wednesday,  August  the  11th,  about  six  o'clock  in  the  morning, 
the  fifth  and  last  fever-fit  of  the  mountain  came  on,  and  gradually 
increased.  About  tweke  o'clock  it  was  at  its  height*,  and  very  vio- 
lent indeed,  the  explosions  being  louder  than  those  that  attended 
the  formeneruptions,  we  could  not  judge  of  the  height  of  the  vol- 
lies  of  stones  and  itorue,  as  some  rainy  clouds  were  blended  with 
the  volcanic  ones,  and  hid  the  upper  part  of  the  cone  and  crater  of 
Vesuvius  from  our  view. 

The  same  mountains  of  white  cotton-like  clouds,  piled  one  over 
another,  rose  to  such  an  extraordinary  height,  and  formed  such  a 
colossal  mass  over  Vesuvius,  as  cannot  possibly  be  described,  or 
scarcely  imagined. '  It  may  have  been  from  a  scene  of  this  kind, 
that  the  ancient  poets  took  their  ideas  of  the  giants  waging  war  with 
Jupiter. 

About  five  o'clock  in  the  evening  the  eruption  ceased  ;  some  rain 
having  fallen  this  day,  whkh  having  been  greatly  impregnated  with 
the  corrosive  salts  of  the  volcano,  did  mu«h  damage  to  the  vines  in 
its  neighbourhood. 

Thursday  and  Friday,  the  I2th  and  13th  of  August,  Vesuvius 

*  It  has  been  remarked  by  the  oldest  people  in  the  neighbourhood  of  Vefu- 
▼iiM,  that  in  its  eruptions  the  Tolcano  is  subject  to  a  crisis  at  noon  and  mid- 
night I  and,  indeed^  Crom  my  own  obitnratioD,  I  believe  that  remark  to  be 
weU-foanded. 
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coutuiiied  to  smoiie  considenbly,  and  at  times  ilight  exploaoM 
heartl,  like  cannon  at' a  great  distance;  but  there  have  been  no  nsoie 
throws  from  its  crater^  nor  any  streams  of  lam  from  its  flanks^  sinee 
Wednesday  last. 

On  Saturday,  August  the  15th,  I  went,  accompanMI  by  Ctmm 
Lamberg,  the  Imperial  Mmister  at  this  Court,  to  viat  OttaiBiio  and 
Caccia-bella,  the  district  which  had  been  most  seterdy  treated  by 
the  heavy  and  destructive  shower  of  volcanic  matter  from  tiie  crater 
of  Vesuvius  last  Sunday  night. 

Soon  after  having  passed  the  town  of  Somma»  we  began  to  per- 
ceive^  that  the  heat  of  the  fiery  shower,  which  bad  Mini  vt  its 
neighbourhood,  had  afiected  the  leaves  of  the  trees  and  vines^  wluch 
we  found  still  more  parched  and  shrivelled  in  propoitloo  as  we  ap- 
proached the  town  of  Ottaiano,  which  may  be  about  three  miles 
from  Somma.  At  about  the  distance  of  a  mile  from  Somma,  we 
began  to  perceive  fresh  cinders  or  scarim  of  lava,  thinly  scatter  ed 
on  the  road  and  m  the  fields.  Every  step  we  advaaci^  we  fonad 
them  of  a  larger  dimension,  and  m  greater  abundance.  At  the  dis- 
tance of  a  mile  and  a  half  from  Ottaiano,  the  soil  was  totally  covered 
by  them,  and  the  leaves  and  fruit  were  either  intirely  stripped  fhwi 
the  frees,  or  remained  thinly  on  them,  shrivelled  and  Hiied  up  by 
the  intense  heat  of  the  volcanic  shower. 

After  having  passed  through  the  most  fertile  country,  abounding 
with  trees  loaded  with  fruits  of  every  kind,  and  the  most  luxurnmt 
vegetation,  through  gay  villages  crouded  with  chearful  inliabitants, 
to  come  at  once  to  such  a  scene  of  desolation  and  mtsery^  afibrding 
to  our  view  nothing  but  heaps  of  black  cinders  and  asbesi,  blasted 
trees,  ruined  houses,  with  a  few  of  their  scattered  jhhabiteotsjost 
returned  with  ghastly,  dismayed  countenances,  to  survey  the  bavock 
done  to  their  tenements  and  habitations,  and  from  whkdi  they  thom^ 
selves  had  with  much  difiiculty  escaped  ahve  on  Sunday  last,  was 
such  a  melancholy  scene  as  can  neither  be  descHbed  or  forgotten« 

We  found  the  roof  of  hb  Sicilian  Majesty's  sporting^seat  at 
bella  much  damaged  by  the  fall  of  large  stones  and  heavy 
some  of  which^  after  having  been  broken  by  their  fall  throng  the 
roof,  still  weighed  upwards  of  thirty  pounds.   This  place,  m  a  direct 
line,  cannot  be  less  than  four  miles  from  the  crater  of  Vesuvius. 

The  most  authentic  accounts  have  been  received  of  the  fall  of 
small  volcanic  stones  and  cinders  (some  of  which  weighed  tws 
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iMumui)  It  Benevento,  Foggia,  and  Monte  Mileto,  upwards  of  thirty 
miles  ftom  Vesimas  ^ ;  bat  what  is  most  extraordinary  (as  there  was 
but  little  wind  during  the  eruption  of  the  6th  of  August)  minute 
ashes  fell  thick  that  very  night  upon  the  town  of  Manfredonia^  which 
is  at  the  distance  of  an  hundred  miles  from  Vesuvius  f. 

These  lacts  seem  to  confirm  the  extreme  supposed  height  of  the 
column  of  fire  that  Issued  from  the  crater  of  Vesuvius  last  Sunday 
■igfat,  and  are  greatly  in  support  of  what  we  find  recorded  in  the 
history  of  Vesuvius  with  respect  to  the  fall  of  its  ashes  at  an 
amasing  distance^  and  in  a  short  space  of  time,  during  its  violent 
eruption. 

We  proceeded  from  Caccia-bella  to  Ottaiano.  which  is  a  mile 
nearer  to  Vesuvius,  and  is  reckoned  to  contain  twelve  thousand  inha- 
bitants. Nothing  Gonld  be  more  dismal  than  the  sight  of  this  town, 
imroofedy  half  buried  under  black  scwut  and  ashes,  all  the  windows 
towards  the  mountain  broken,  and  some  of  the  houses  themselves 
burnt,  the  streets  choaked  up  with  these  ashes  (in  some  that  were 
narrow,  the  stredwm  was  not  less  than  four  feet  thick),  and  a  few 
of  the  inhabitants  jost  returned  were  employed  in  clearing  them 
away,  and  piling  up  the  ashes  in  hOlocks  to  get  at  their  ruined 
bouses.  Others  were  assembled  in  little  groups,  inquiring  after  their 
friends  and  neighbour^  relating  each  other's  woes,  crossing  them- 
selves, and  lifting  up  their  eyes  to  Heaven  when  they  mentioned 
their  miraculoos  escapes.  Some  monks,  who  were  in  their  convent 
during  the  whole  of  the  hornd  shower,  gave  us  the  following  parti- 
culars, which  they  related  with  solemnity  and  precision. 

The  mountain  of  Somnia,  at  the  foot  of  which  Ottaiano  is  situated. 


*  Tbe  prince  of  Monte  Mileto  told  me,  that  bis  son,  the  Dvke  of  Popoli, 
wIm  wm  at  Moote  Mileto  the  8th  of  Au^t,  had  been  alarmed  by  the  shower 
of  clndlen  (hat  fleU  there,  Mme  of  which  he  had  sent  to  Naples,  weighing  two 
ounces ;  and  that  stones  of  an  ounce  had  fallen  upon  an  estate  of  his  ten  miles 
fiutber  of.    Monte  Mileto  is  about  thirty  miles  from  the  Folcano. 

t  The  Abb6  Galliani,  well  known  in  the  literary  world,  told  me,  that  his 
•ister,  a  nun  in  a  couYcnt  at  ManfVedonia,  had  wrote  to  enquire  after  him, 
imafiniof  that  Naples  must  have  been  destroyed,  when  they,  at  so  great  a  dis- 
tance, had  been  sq  much  alarmed  by  a  shower  of  minute  ashes,  which  fell  on 
that  city  at  eleven  o'clock  at  night,  the  8th  of  August,  as  to  open  all  the 
churches,  and  go  to  prayers.  As  the  great  eruption  happened  at  nine  o'clock 
at  night,  the  ashes  must  have  travelled  an  hundred  miles  wit|iin  the  short  space 
of  twohoun. 


I       • 
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hides  Vesimui  from  Hf  «glit»  to  tbat  till  the  ciwptiott  bMftie  eoilt^ii 
denbleil  WMDot.Tuibleto  them.  On  8wNh|nigbt;  when  tlw  Mitt 
incieiMd,  and  the  fire  b^gan  to  ippdtf  abofo  the  w»**-itfMn  of 
SommB,  nuuiy  of  the  mhabitantfl  of  this  town  flew,  to  the 
and  others  were  pfeparmg  to  quit  the  towii»  whHi  n  auddcn 
report  was  heard;  sooo  after  which  they  found  themselves  aavvhwlMS 
a  thick  cloud  of  smoke  and  minute  aslies:  a  horrid  dashmg  aoise  was 
heard  in  the  air,  and  presently  fell  a  deluge  of  stoiies  ami  Jaige  Jttrwi^ 
some  of  which  icorice  weraof  the  diameter  of  seven  orc^htfeiil;  and 
must  have  weighed  more  than  an  hundred  pounds  hciMuthey.wcfe 
broken  by  their  fall,  as  some  of  the  fragments  of  them,  wUch 
I  picked  up  in  the  streets,  still  weighed  upwards  of  snty  pomids. 
When  these  large  vitrified  masses  either  struck  against  one  another 
in  the  air,  or  fell  on  the  ground,  they  broke  in  many  pieces^ 
and  covered  a  large  space  around  them  with  vivid  sparks  of  fire, 
which  communicated  tlieir  heal  to  every  thii^  that  was  combasliUe^ 
In  an  instant  the  town,  and  country  about  it,  was  oa  fire  in  many  * 
parts ;  for  in  the  vineyards  there  were  several  straw  hats^  wUch  had 
been  erected  for  the  watchmen  of  the  grapes,  all  of  which  were 
burnt.    A  great  magazme  of  wood  in  the  heart  of  the  town,  was  all 
in  a  bhize^  and,  bad  there  been  much  wind,  the  flames  must  have 
spread  universally,  and  all  the  inhabitants  would  have  infaUSily  heea 
burnt  m  theur  houses,  for  it  ivas  impossible  for  them,  to  itir 
out.    Some  who  attempted  it  with  pillows,  tables,  chairs,  the  tops 
of  wine  casks,  &c.  on  their  heads«  were  either  knocked  down,  or 
soon  driven  back  to  their  close  quarters  undec  -arches,  and  in  the 
cellars  of  their  houses.    Many  were  wounded,  but  only  two  persons 
have  died  of  the  wounds  they  received  from  this  dretidful  vokauuc 
showejr.    To  add  to  the  horror  of  the  scene,  incessant  volcanic 
lightning  was  whisking  about  the  black  cloud  that  surrounded 
them,  and  the  sulphureous  smell  and  heat  would  scarcely  allow  them 
to  draw  their  breath. 

In  this  miserable  and  alarming  situation  they  remained  about 
twenty-five  niinutes,  when  the  volcauic  storm  ceased  all  at  ones. 


*  The  masses  were  formed  of  the  liquid  laTa,  the  exterior  parts  of  which  had 
become  black  and  porous  by  cooling  in  the  long  travene  they  had  made  Utrovgli 
the  air,  whilst  the  interior  parts,  less  exposed,  retained  an  extreme  iMat,  aid 
were  perfectly  red. 
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tind  the  fi%htened  iohabitants  of  Ottabuo,  apprehending  a  freth 
attack  from  tbte  turbulent  mountain,  hastily  quitted  the  country^ 
after  having  deposited  the  sick  and  bed-ridden,  at  th^ir  own  desire, 
in  the  churches* 

Had  the  eruption  lasted  an  hour  longer,  Ottaiano  must  have  re- 
mained exactly  in  the  state  of  Pompeia,  whice  was  buried  under  the 
ashes  of  Vesuvius  just  1700  years  ago,  with  most  of  its  inhabitants, 
whose  bones  are  to  this  day  frequently  found  under  arches  )and  in 
the  cellars  of  the  houses  of  that  ancient  city. 

We  were  told  of  many  miracles  that  had  ^been  wrought  by  the 
images  of  saints  at  this  place  during  the  late  disaster ;  but  as  ihey 
are  quite  foreign  to  my  purpose,  I  shall,  as  usual,  pass  them  over 
in  silence. 

The  palace  of  the  Prince  of  Ottaiano  is  situated  on  in  eminence 
above  the  town,  and  nearer  the  mountain,  the  steps  leading  up  to 
it,  being  deeply  covered  with  volcanic  matter,  resembling  the  cone 
of  Vesuvius,  and  the  white  marble  statues  on  the  balustrade  made  a 
singular  appearance  peeping  from  under  the  blach  ashes,  which  had 
entirely  covered  both  the  balustrade  and  their  pedestiils.  The  roof 
of  the  palace  was  totally  destroyed,  and  the  windows  were  broken ; 
but  the  house  itself,  being  strongly  built,  had  not  suffered  much. 

We  had  an  opportunity  of  seeing  here  exactly  the  quality  of  the 
dreadAil  shower,  as  the  volcanic  matter,  which  broke  through  the  roof 
of  the  palace,  and  fell  into  the  garrets  on  the  balconies  and  in  the 
courts,  had  not  been  removed.  It  was  composed  of  the  scorus  of 
fresh  lava  much  vitrified,  great  and  small,  mixed  with  fragments  of 
ancient  solid  lavas  of  difierent  sorts  ;  many  pieces  were  enveloped 
by  the  new  lava,  which  formed  a  crust  about  them ;  and  others 
were  only  slightly  varnished  by  the  fresh  lava.  These  kind  of  stones 
being  very  compact,  and  some  weighing  eight  or  ten  pounds,  must 
have  fallen  with  greater  force  than  the  heavier  scorue,  which  were 
very  porous,  and  had  the  great  surface  above  mentioned. 

The  palace  of  Ottaiano  is  built  on  a  thick  stratum  of  ancient  lava, 
which  ran  from  the  mountain  of  Somma  when  in  its  active  volcanic 
state.  Under  this  stratum  we  were  shewn  three  grottoes,  from 
which  issues  a  constant  extreme  cold  wind,  and  at  times  with  im- 
petuosity, and  a  noise  like  water  dashing  upon  rocks.  They  are 
shut  up  with  doors  like  cellars,  and  are  made  use  of  as  such,  as 
also  to  keep  provisions  fresh  and  to  cool  liquors.     I  had  never  seen 
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thett  vnuaroR  before.  In  my  letter  to  Dr.  Maty,  upon  tbo  aatat 
of  the  soil  round  Naples^  1  have  inentioiied  othera  of  tiK  aune 
kind  that  I  had  met  with  on  Vefuviuty  Etna,  and  in  the  labBd  ef 
Iflchia*. 

We  observed,  that  the  traet  of  country  completely  oovi$rcd  mA 
a  stratum  of  (be  Tokanic  matter  abo?e-meiitioned«  waa  abont  two 
miles  and  a  half  broad,  and  as  much  in  kqgth,  in  wbkh  apace  the 
vines  and  fruit  trees  were  totally  stripped  of  their  leaves  nod  Iniit. 
'  and  had  the  appearance  of  being  quite  bnmt  up  $  bn^  to  my  gnmt 
surprife,  having  visited  thai  country  agam  two  daya  ago,  I  saw 
those  very  trees,  which  were  apple,  pear,  peach,  and  afaioDt,  in 
Uossom  again,  and  some  with  the  fruit  already  formed,  and  of  the 
siMf  of  hasel-nufs.  The  vhies  there  had  also  put  forth  freah  knits, 
and  were  in  bloom.  Many  foxes,  hares,  and  othv  game,  were 
destroyed  by  the  fiery  shower  in  the  distiiet  of  Somaui  and 
Ottaianot*  . 

His  Sicilian  Migesty,  whose  goodness  of  heart  indinet  Um  on  all 
occasions  to  shew  his  benevolence  and  asust  the  unfoctnoate,  has 
ordered  a  considerable  sum  of  money  10  be  distributed  amoiig  the 
unhappy  suffisrers  of  Ottaiano  and  its  neighbourhood. 

On  the  18th  of  September  I  went  upon  Mouia  Veanvins^  aoeom. 
panied  by  Lord  Herbert  and  my  usual  guide.  We  could  not  possi« 
bly  reach  its  crater,  being  covered  with  a  thick  smoke,  too  aalphu" 
reous  and  offensive  to  be  encountered  ;  neither  would  it  have  been 
prudent  to  have  ventured  up,  had  there  not  been  that  impediment, 
as  It  was  evident,  from  the  loud  reports  we  heard  from  time  to  time, 
f  but  there  existed  still  a  great  fermentation  within  the  bowels  of  the 
volcano.  We  therefore  contented  ourselves  with  examining  the 
effects  of  the  late  extraordinary  eruption  on  its  cone,  and  in  the 
valley  between  it  and  the  mountain  of  Somma. 

*  At  Cesi,  in  the  Roman  State,  towards  the  Adriatic,  there  are  naay  nrb 
vefitaroli ;  and  the  inhabitants  of  that  town,  by  meant  of  leaden  pipes,  eoadact 
the  fresh  air  from  them  into  the  very  roont  of  their  howesv  to  that  by  toralof  a 
rock  they  can  cool  them  to  any  degree.  Some  who  have  reAoed  stiU  aore 
upon  this  luxury,  by  smaller  pipes,  bring  this  cold  air  under  the  diaiiv  ItUc, 
so  wi  to  cool  the  bottle  of  liquor  upon  it. 

f  Having  had  the  honour  of  being  on  a  shootiqg  party  lately  vrlth  6m  Kia| 
of  Naples,  at  the  foot  of  VesuYius  and  Somma,  several  dead  hares  were  fooad, 
and  we  killed  others  whose  backs  were  quite  l>are|  the  fVir  having  beea  singed 
off  them  by  the  hot  ashes. 
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Hie  conical  part  of  Vciuviiis  u  now  covered  with  fragmenta  of 
lava  and  #rorir,  which  makes  the  ascent  much  more  dUficultand 
troublesome  than  when  it  was  only  covered  with  minute  ashes.  — 
The  particubrity  of  this  last  eruption  was,  that  the  lava  which 
usually  ran  out  of  the  flanks  of  the  volcano,  forming  cascades,  ri- 
yen,  and  rivulets  of  liquid  fire,  was  now  chiefly  thrown  up  from 
its  crater  in  the  form  of  a  gigantic  fountain  of  fire»^  which  falling 
atill  in  some  degree  of  fusion  has,  in  a  manner,  cased  up  the  conical 
part  of  Vesuvius  wilh  a//raltifnof  hard  scorue;  on  the  side  next  the 
mountain  of  Somma,  that  stratum  is  surely  more  than  one  hundred 
feet  thick,  forming  a  high  ridge.  The  valley  between  Vesuvius  and 
Somma  has  received  such  a  prodigious  quantity  of  lava  and  other 
volcauic  nuitter  during  this  last  eruption^  that  it  is  raised,  as  is  iina* 
gined,  two  hundred  and  fifty  feet  or  more.  Three  such  eruptions 
as  the  last  would  completely  fill  up  tlie  valley,  and  by  uniting  Ve* 

• 

*  Sorreattno  neDtioos,  in  his  Ittoria  del  Vetmrio,  that  the  volcano  in  1676 
vented  itself  in  the  lilie  manner.  *'  Non  a  torrenti  modo  mando  fuori  le  sue 
viscere,  ma  tntti  in  aria  menoHa***  Soch  wonderful,  violent,  and  sndden 
emissions  of  liquid  lava  must  liave  tiecn  occasioned  by  some  accidental  and  ex« 
traofdinary  canse  i  and  I  was  inclined  to  think,  that  a  sadden  communication 
of  water  with  t^  lava  in  fnsion  might  be  the  occasion  of  such  a  phenomenon, 
particniariy  as  we  know  that  pools  of  rain-water  have  been  found  formerly  in 
caverns  within  the  bowels  of  Vesovins  i  and  that  a  river,  supposed  to  be  that 
anciently  called  Draco,  and  which  was  buried  by  an  ancient  eruption^  burst 
ont  some  years  ago  with  soch  force,  from  under  a  itraimm  of  lava  at  Torre  del 
Greco,  as  to  besu(kient  to  turn  mills  there  t  but  a  late  carious  experiment, 
nentioned  by  Mont,  de  Faq{as,  in  hb  Recheiches  sor  les  Volcans  eteiots, 
p*  ne,  teems  tocootradict  my  lapposition  i  and  that  water  introduced  to  the 
fbroace  of  a  volcano,  finding  there  a  more  rarified  air,  would  not  produce  an 
explosion.  Mons.  Deslandes,  Director  of  the  Royal  Manufkctnre  of  Looking* 
glam  at  St.  Gobin,  made  the  following  experiment  In  1766,  in  the  presence  of 
the  Dnke  de  la  Roehefoucanlt,  Mons.  de  Fai^,  and  others.  He  ponred 
tome  water  opon  a  qnaatlty  of  glam  in  Anion,  and  which  had  been  in  that  state 
to  the  crucible  lior  twelve  hoars*  The  water  did  not  occasion  the  least  fermen- 
tation t  bnty  on  the  contrary,  rolled  upon  its  surface,  without  even  producing 
any  smoke,  and  after  having  become  seemingly  red-hot,  like  the  metal  in  fh- 
tlon,  disappeared  in  about  three  minutes,  without  having  occasioned  the  least 
explosion.  If  the  great  emissions  of  lava  above  mentioned  were  not  then  oc- 
carioned  by  water  asixiqg  with  the  lava,  stay  not  they  have  been  produced  by 
violeat  snbtanaseout  eahalationt  having  forced  their  way  into  the  cauldron  of 
Ike  Volcano  (if  I  may  be  allowed  the  expression)  replete  With  matter  In  fusion, 
and  blown  its  whole  contents,  with  whatever  opposed  itf  passage,  at  once  into 
the  air? 

VOL.  I  3  B 
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miviiis  and  Somnia,  form  them  into  one  mountain^  at  tficy 
probably  were  before  the  great  eniptkm  in  the  ragn  of  Tittis.  il 
short*  T  found  the  whole  hce  of  Vesuvius  changed.  Tlioee  tuiiaw 
channels,  in  which  tlie  lava  ran  in  the  month  of  Mny  InaT,  aie  ril 
buried.  The  yoIcuuo  afipears  to  have  likewise  iDcrenaed  k»  kiigbl ; 
the  form  of  the  crater  is  c'  juged^  a  great  piece  of  its  rim  tomnh 
Sonima  being  wanting  ;  and  on  the  side  towaitds  the  sea  it  is  alse 
broken.  There  are  some  very  large  cracks  towards  ike  point  of  the 
cone  of  the  volcano,  which  makes  it  probable,  that  BOie  of  tlie  Imit- 
ders  of  the  crater  will  fail  in.  The  ridge  of  freab  folcaaic  matter  on 
the  cone  of  Vesuvius  towards  Somma^  and  the  tbidi  ttnOmm  m  the 
tailey,  are  likewise  full  of  cracks,  from  which  there  issoea  a  con- 
stant sulphureous  smoke  that  tinges  them  and  the  ciicaii^yaoent/cafMS 
and  cinders  with  a  deep  yellow,  or  sometimes  a  white  tint.  These 
last  mentioned  cracks,  though  deep,  do  not»  as  I  appiebeiid,  pass 
the  straiim  formed  by  the  last  eruption,  and  which,  from  its  extreme 
thickness,  particularly  in  the  valley,  will  piobablj  letun  a  great 
degree  of  heat  for  some  years  to  come,  as  did  a  thick  siralm  of 
lava  than  ran  'iDio/osja  grande  in  the  year  1767* 

The  number  and  siae  of  the  stones,  or,  nMure  properly  speakia^ 
of  the  fragments  of  lava. which  have  been  thrown  oat  of  tlie  vokna 
in  the  course  of  the  last  eruption,  and  which  lie  scattered  tinck  oa 
the  cone  of  Vehuvius,  and  at  the  foot  of  it,  is  really  incredible. 
The  largest  we  measured  was  in  circumference  no  less  than  one  him- 
dred  and  eight  English  feet,  and  seventeen  feet  high,     it  is  a  solid 
block,  and  is  much  vitrified  ;  in  some  parts  of  it  there  are  large 
pieces  of  pure  gla&s,  of  a  brown  yellow  colour,  like  that  of  whick 
oar  common  bottles  are  made,  and  throughout  its  pores  seem  to  be 
tilled  with  perfect  vitrifications  of  the  same  sort.    The  spot  where 
it  alighted  is  plainly  marked  by  a  deep  impresskm  almost  ai  the  foot 
of  the  cone  of  the  volcano,  and  it  took  three  bounds  before  it  set- 
tled, as  is  plainly  perceived  by  the  marks  it  has  left  on  the  gromid, 
and  by  the  stones  which  it  has  pounded  to  atoms  under  its  prodi- 
gious weight.    When  we  consider  the  enormous  sixe  and  weight  of 
such  a  solid  mass,  thrown  at  least  a  quarter  of  a  mile  clear  ^  the 
mouth  of  the  volcano,  we  can  but  admire  th^  wonderful  powen  of 
nature,  of  which,  being  so  very  seldom  within  the  reach  of  humaa 
inspection,  we  are  in  general  too  apt  to  judge  upon  much  too  ^nali 
a  scale* 
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Another  solid  block  of  Ancient  lava,  sixty-six  feet  iq  drcumie* 
reoce,  aaH  Dinefeen  feet  high,  being  nearly  of  a  spherical  shape, 
was  thrown  out  at  the  same  time,  and  lies  near  the  former.  This 
stone,  which  has  the  marks  of  having  been  rounded,  nay  almost 
polished,  by  continual  rolling  in  torrents,  or  on  the  sea  shore, 
and  which  yet  has  been  so  undoubtedly  thrown  out  of  the  volcano, 
may  be  the  subject  of  curious  speailatious*.  Another  block  of 
solid  lava  that  was  thrown  much  farther,  and  lies  in  the  valley 
between  the  cone  of  Vesuvius  and  the  Hermitage,  is  sixteen  feet 
high,  and  ninety-two  feet  in  circumference,  though  it  plainly  a)V 
pears,  by  the  large  fragments  that  lie  rounds  and  were  detached 
from  it  by  the  shock  of  its  fall,  that  it  must  have  been  twice  as  con. 
siderable  when  in  the  air. 

There  are  thousands  of  very  large  fragments  of  different  s|>ecies 
of  ancient  and  modern  lavas,  that  lie  scattered  by  the  late  explosions 
GO  the  cone  of  Vesuvius,  and  in  the  vallies  at  its  foot ;  but  these 
three  were  the  largest  of  those  we  measured  f . 

We  found  also  many  fragments  of  those  volcanic  bombs  that 
burst  in  the  air,  as  mentioned  in  the  former  part  of  this  journal ; 
and  some  entire,  having  fallen  to  the  ground  without  bursting. — 
The  fresh  red-hot  and  liquid  lava  having  been  thrown  up  with  num- 
berless fragments  of  ancient  lavas,  the  latter  were  often  closely  en- 
veloped by  the  former ;  and  probably  when  such  fragments  of  lava 
were  porous  and  full  of  air  bubbles,  as  is  often  the  case,  the  ex- 
treme outward  heat,  suddenly  rarifying  the  confined  air,  caused  an 
explosion.  When  these  fragments  were  of  a  more  compact  lava 
they  did  not  explode,  but  were  simply  inclosed  by  the  fresh  lava, 
and  acquired  a  spherical  form  by  whirling  in  the  air,  or  rolling 
down  the  steep  sides  of  the  volcano. 

The  shell  or  outward  coat  of  the  bombs  that  burst,  and  of  which 
we   found  several  pieces,  was  always  composed  of  fresh  lava,  in 

•  Or  may  net  this  stone  l>e  a  spherical  volcanic  basalt,  such  as  one  of  forty- 
flve  feet  in  circumference,  de8cril>ed  by  Mons.  Faojas  de  St,  Fond,  in  p.  155,  of 
Ids  carious  boolL  on  the  sat^ect  of  extinguished  volcanoes  ? 

•  We  measured  two  other  stones  in  the  valley  between  Somma  and  Ve- 
ravios  ;  the  one  was  twenty-two  feet  and  a  half  long,  thirteen  feet  and  a  half 
broad,  and\en  feet  high  (  the  other,  eleven  feet  and  a  half  high,  and  seventy 
two  feet  in  circoaiference. 

2  B  2 
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wkich   wumy  s|Ailen  of  the  more  aocient  lira  that  had  htm 
iodoted,  are  leen  fltkkiog.    I  was  mnch  pkaied  wiUi  this  <liseofa|9 
having  beea  gieally  possled  for  ao  expknation  of  this  vokanic  op^ 
latioo,  which  was  new  to  om,  and  which  was  vciy  finequail  dan(^ 
the  eruption  of  the  9th  of  August 

The  phenomenon  of  the  natural  spun-i^Mi^  which  fell  at  Odakaa 
with  the  ashes  on  the  5th  of  August,  was  likewise  dearij  fiplaiasJ 
to  me  here.  I  have  already  mentionedt  that  the  tana  (fafawa  np  by 
this  eruption  was  in  general  more  perfectly  ntriied  than  that  of  any 
fermer  eruption*  which  appeared  plainly  npoa  a  ■eawi  eaaauDation 
of  the  fragments  of  fiesh  lavai  the  pons  of  which  we  gmeially 
feund  fill!  of  a  pure  vitrificatioo,  and  the  jcstir  themselfcib  upon  a 
close  examination  with  a  magniQrmg  fj^Mi^  appeand  like  a  coidbsed 
heap  -of  fihunents  of  a  foul  vitiificatioa.  When  a  piece  of  the 
solid  iresh  .lava  had  been  cracked  m  its  fell  withont  sqiaralpg 
entirely,  we  always  saw  capillary  fibres  of  perfect  g|hii^  icaching 
from  Mt  to  side  within  the  cracks.  If  I  may  he  albiwed  a  meaa 
eomparisonb  which,  howeirer,  comreys  the  idea  of  what  I  wiih  to 
eaplain  better  than  any  other  I  can  thuds  ot,  this  lava  resembled  a 
rich  Parmesan  cheese,  which,  when  broken  and  gea^y  lepaiatodL 
spins  out  transparent  fihiments  from  the  little  edb  that  rontiiafd 
the  clammy  liquor  of  which  those  filaments  were  compoeed.  Ths 
natural  spun-glass,  then,  that  fell  at  Ottaiano  during  thb  eraplioa, 
as  well  as  that  which  fell  in  the  Isle  of  Bourbon  in  the  year  17W, 
must  have  been  formed,  most  probably,  by  the  operation  of  such  a  ' 
sort  of  lava  as  has  been  just  described,  cracking  and  separating  ia 
the  air  at  the  tune  of  its  emission  from  the  craten  of  the  vol  canoes, 
and  by  that  means  spinning  out  the  pure  vitrified  matter  fioia  its 
pores  or  cells,  the  wind  at  the  same  time  carryii^  off  those  filaments 
of  glass  as  fest  as  they  were  produced. 

I  observed,  sticking  to  some  very  large  firagments  of  the  new  hm^ 
which  were  of  a  close  grain,  some  pieces  of  a  substance,  whose  tex- 
ture very  much  resembled  that  of  a  true  pumioe-stooe-;  and,  upon 
a  close  examination,  and  having  separated  them  from  the  lava,  I 
perceived,  that  this  substance  had  actually  been  forced  oat  of  the 
minute  pores  of  the  solid  stone  itself,  and  was  a  collection  of  fine 
vitreous  fibres  or  fihunents,  confounded  together  at  the  time  of  thcv 
being  pressed  out  by  the  contraction  of  thck  large  fii|gmesits  of  bis 
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in  cooltngy  and  which  htd  bent  downwards  by  their  own  weight. 
This  curious  substance  has  the  lightness  of  a  pumicej  and  resembles 
H  ill  every  re5|>t>ct  except  being  of  a  darker  colour. 

When  tne  pores  of  the  fresh  solid  lava  were  large  and  filled  with 
fwre  vitrihed  matter.  We  fousd  that  matter  somelimes  blown  into 
bubbles  on  its  surface,  J  suppose,  by  the  air  which  had  been  forced 
out  at  the  time  the  lava  contracted  itself  in  cooling :  those  bubbles, 
being  thin,  shewed  that  this  volcanic  glass  has  the  kind  of  transpa- 
lency  of  our  common  glass  bottles,  and  is  like  them  of  a  dirty  yel- 
low colour.  I  detached  with  my  hammer  some  large  pieces  of  this 
kind  of  glass  as  big  as  my  fist,  which  adhered  to«  and  was  mcorpoi- 
rated  with,  some  of  the  larger  fragments  of  lava,  and,  though  of  the 
same  kind,  from  their  thickness  they  appeared  perfectly  blacky  and 
were  opaque. 

Another  particularity  is  remarkable  in  the  lava  of  this  eruption : 
many  detached  pieces  of  it  are  in  the  shape  of  a  barley-corn  or  of  a 
plum-fitone,  small  at  each  end,  and  thick  in  the  middle.  We 
picked  up  several,  and  saw  many  more  which  were  too  heavy  for  us 
to  (Carry  off,  for  they  must  have  weighed  more  than  sixty  pounds ; 
some  of  the  smaller  ones  did  not  weigh  an  ounce.  I  suppose  them 
to  be  drops  from  the  liquid  fountain  of  fire  of  the  8th  of  August, 
which  might  very  naturally  acquire  such  a  form  in  their  fall ;  but  the 
peasants  in  the  neigbboui  ho<)d  of  Vesuvius  are  well  convinced 
that  they  are  the  tl|unde^bolts  that  fell  with  the  volcauic  light- 

iiiog» 

We  found  many  of  the  volcanic  bombs  or,  properly  speaking, 

found  balls  of  fiesh  lava,  large  and  small ;  all  of  which  have  a 
nucleus  composed  of  a  fragment  of  more  ancient  and  solid  lava. 
There  were  also  some  other  curious  vitrificationst  very  different  from 
any  I  had  ever  seen  before,  mixed  with  the  late  fallao  shower  of 
huge  scorim  and  masses  of  lava. 

Though  I  have  endeavoured  to  be  as  particular  and  dear  as  pos- 
sible io  the  description  1  have  given  of  the  curious  substances  pro- 
duced  by  the  late  eruption  of  Vesuvius,  yet,  as  specimens  of  those 
substances  will  explain  more  at  one  sight  ;han  1  can  pretend  to  do 
by  whole  pages  in  writing,  I  shall  not  fail  to  send  you,  by  the  first 
favourable  opportunity, «  collection  of  them,  which  I  have  set  apart 
for  that  pqrpose^  partipuHirly  as,  I  flatter  myself^  they  may  serve  to 
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give  some  li^Ut  into  a  hitherto  obscure  subject :  I  mean,  the  oaltR 
and  manner  ot  the  formation  of  pumice-rtone^ 

Vesuvius  conlinuei  to  smoke  considerably,  and  we  bad  a  fUgM 
shock  of  an  earthquake  yesierda>  ;  so  that  1  do  not  tliink»  notwkk- 
ttanding  the  late  eruptions  having  been  so  very  considerable,  thit 
the   volcano   has  vented  itself  so  sufikiently  as  to  renuiin  loi^ 

quiet. 

1  must  now.  Sir,  beg  your  pardon  if  I  have  trespasted  too  miich 
upon  your  time :  I  meant  to  be  short,  clear,  and  espttcit ;  and  i£  by 
aiming  at  the  two  latter,  I  liave  failed  in  the  ianner,  1  hope  I  shall 
be  excused^and  that  you  will  please  to  take  the  will  for  the  deed, 

IP/dl.  Trims.  1780.] 

SKCTION  V. 

Eruption  of  Vesuvius  in  1794,  as  described  in  a  Letter  from 
the  same  to  Sir  JoszvH  Banks,  Bar^.  P.  it.  S. 

Naples,  August  ^5,  1794. 

Sir. 
£vERY  day  produces  some  new  publication  relative  to  the  late 
tremendous  eniption  of  Mouut  Vesuvius,  so  that  the  varvous  |>liBtio- 
mena  that  attended  it  will  be  found  on  record  in  either  one  or  other 
of  these  publications,  and  are  not  in  that  dauber  of  being  passed  over 
and  forgotten,  as  they  %«ere  formerly,  when  t^je  study  of  natural  his- 
tory was  either  totally  neglected,  or  treated  of  in  a  manner  very  un- 
worthy of  the  great  Author  of  nature.  I  am  sorry  to  say,  that  even 
so  late  as  in  the  accounts  of  the  earthquakes  in  C^lubria  in  IT  S3, 
printed  at  Naples,  nature  h  taxed  with  being  malevolent,  and  bent 
upon  destruction-  In  a  printed  account  of  anotlier  great  eruption  of 
Mount  Vesovius  in  1631,  by  Antonio  Santorelli,  doctor  of  medicine, 
and  piofessor  of  natural  philosophy  in  thv  university  of  Naples,  and 
at  the  head  of  the  fourth  chapter  of  his  book,  are  these  words:  iSe 
guesto  incendio  sia  opera  dt  dtmmiii  ?  Whether  this  erupHom  he  the 
work  of  deviis  ?  The  account  of  an  eruption  of  Vesuvius  io  1 737, 
published  at  Naples  by  Doctor  Serao,  is  of  a  very  different  cast,  and 
does  great  honour  to  his  memory.  All  great  eruptions  of  volcanoes 
must  naturally  produce  nearly  the  same  phienomena;  and  in  Seiao's 
book  almost  all  the  phtenomena  we  have  been  witness  to  duriog 
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the  late  eryption  of  Vesuvius,  are  admirably  described,  and  well 
accounted  for.  The  classical  accounts  of  the  eruptiou  of  Vesuvius^  ^ 
which  destroyed  the  towns  of  Flerculaueuni  and  Pompeii,  and  many 
of  the  existing  printed  accounts  of  its  great  eruption  in  1631  (although 
the  latter  are  mixed  with  puerilities)  might  pass  for  an  account  of  the 
late  eruption  by  only  changing  the  date,  and  omitting  that  circum- 
stance of  the  retreat  of  the  sea  from  the  coast,  which  happened  io 
both  those  great  eruptions  and  not  in  this ;  and  1  might  content  my- 
self by  referring  to  those  accouuts,  and  assuring  you  at  the  same  time, 
that  the  late  eruption,  after  those  two,  appears  to  have  been  the  most 
violent  recorded  by  hbtory,  and  iniinitely  more  alarming  than  either 
the  eruption  of  1767,  or  that  of  1779>  of  both  of  which  I  had  the 
honour  of  giving  a  particular  account  to  the  Royal  Society.  How- 
ever, I  think  it  my  duty  rather  to  hazard  being  guilty  of  repetition 
than  to  neglect  the  giving  you  every  satisfaction  in  my  power,  relative 
to  the  late  formidable  operation  of  nature. 

You  know.  Sir,  that  with  the  kind  assistance  of  the  Father  An- 
tonio Piaggi,  of  the  order  of  the  Scole  Pie,  wlu»  has  resided  many 
years  at  Kesiua,  on  the  very  foot  of  Mount  Vesuvius,  and  in  full 
view  of  \\f  I  am  in  possession  of  an  exact  diary  of  that  volcano^ 
from  the  year  1779  to  this  day,  and  which  is  also  accompanied  with 
drawings.  It  is  plain,  from  some  remarks  in  t)»at  diary,  previous  to 
this  eruption,  that  a  great  one  was  expected,  and  that  we  were  ap- 
prehensive of  the  mischief  that  might  probably  attend  the  falling-u) 
of  the  crater,  whidl  had  been  much  contracted  \iithin  these  two 
years  past,  by  the  great  emission  of  scoriae  and  ashes  from  time  to 
time,  and  which  had  also  increi^sed  the  height  of  the  volcano,  ana 
nearly  filled  up  its  crater.  The  frequent  slight  eruptions  of  lava  for 
^ome  years  past  have  issue<l  from  n<  ar  the  summit,  and  ran  in  smaU 
channels  in  different  directions  down  the  flanks  of  the  mountain,  and, 
from  running  in  covered  channels,  had  often  an  appearance  as  if 
they  came  immediately  out  of  the  sides  of  Vesuvius ;  but  such  lavas 
had  not  sufficient  force  to  jeach  the  cultivated  parts  at  the  foot  of 
the  mountain.  In  the  year  1779*  the  whole  quantity  of  the  lava  in 
fusion  havuig  been  at  once  thrown  up  with  violence  out  of  thp  crater 
of  Vesuvius,  and  a  great  part  of  it  falling,  and  cooling  on  its  cone, 
added  much  to  the  solidity  of  the  walls  of  this  huge  natural  chimney^ 
if  I  may  be  allowed  so  to  call  it,  and  has  not  of  late  years  allowed  a 
;iufficien)  discharge  of  lava  to  calm  that  fermentation,  which  by  th? 

2i4 
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foUmtncoas  nodsethcttd  at  timef,  and  by  the  ctphidom  of  aeoiiB 
-aod  ashes,  wasknownloexist  whhmtbebairtlsof  thevokaiio;  m 
that  the  eruptuNii  of  late  yean,  l>efoTe  this  hut,  have»aaIluifeaidL 
been  smiply  ftom  tlie  hiva  having  boiled  over  tlie  crater.  An  dd» 
behig  sufficiently  strong  to  coofine  it,  and  oblige  it  to  tin  and  oveiH 
flow.  The  monntahi  had  betn  remailLabiy  quiet  fat  seven  iMMiths 
befoie  its  late  eniption,  nor  did  the  nsnal  smoke  flsoe  flwB  ila 
crater,  but  at  times  it  emitted  small  douds  of  soMike,  that  Awted 
m  the  ahr  in  the  shape  of  little  trees.  Itwasremaihedhy  Ihefktber 
Antonio  di  Fetriui,  a  capuchm  fnar  (who  has  ffjfAtd  an  aoDont  of 
the  late  eruption)  from  his  convent  close  to  the  oafertonate  town  of 
Torre  del  Greco,  that  lor  some  days  preceding  thu  emptioa  a  thidt 
vapour  was  seen  to  surround  the  mountain,  about  a  quarter  of  a 
mile  beneath  its  crater ;  as  it  was  remarked  by  himi,  and  otiieiB  at 
the  same  time,  that  Irath  the  sun  and  the  moon  had  oAen  an  unnsaal 
reddish  cast. 

The  water  of  the  great  fountain  at  Torre  del  Greoo  beg^  to  de* 
crease  some  days  before  the  eruption,  so  that  the  wheels  of  m  con- 
miU,  worked  by  that  water,  moved  very  slowly ;  it  waa 
all  the  other  wells  of  tlie  town  and  its  neighboorhood  to 
the  ropes  daily,  in  order  to  reach  the  water ;  and  some  of  the  weHs 
became  quite  dry.  Although  most  of  the  mhabitants  were  wsaUe 
of  this  phenomenon,  not  one  of  them  seems  to  have  sospected  the 
true  cause  of  it.  It  ha^i  been  w«ll  attested,  that  eight  days  before 
the  eruption,  a  roan  and  two  boys,  being  io  a  vineyard  above  Torre 
del  Qreco  (and  precisdy  on  the  spot  where  one  of  the  new  months 
opened,  from  whence  the  principal  current  of  lava  tlmt  destroyed 
the  town  issued),  were  much  alarmed  by  a  sudden  puff  of  smoke 
that  came  out  of  the  earth  close  to  them,  and  was  attended  with  a 
slight  explosion. 

Had  this  circumstance,  with  that  of  the  subterraneous  noises 
heard  at  Resina  for  two  days  before  the  eruption  (with  the  additional 
one  of  the  decrease  of  water  in  the  wells,  as  above  mentioned)  been 
communicated  at  the  time,  it  would  have  requited  no  great  foiesijgbt 
to  have  been  certain  that  an  eruption  of  the  volcano  was  near  at 
hand,  and  that  iu  force  was  directed  particularly  towards  that  part 
of  the  mountain. 

On  the  12th  of  June,  in  tiie  morning,  there  was  a  violent  foil  of 
ram,  and  soon  after  the  mhabitants  of  Resina,  sitoated  directly  am 
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the  mncient  town  of  Herculaoeyin,  wtre  sciuibk  of  a  rambling  sob* 
temiiieout  noise,  which  was  not  heard  at  Naples. 

From  the  month  of  Jamiai^  to  the  month  of  May  last,  the  at- 
mosphere was  generally  calm,  and  we  had  continued  dry  weather, 
la  tlie  mouth  of  May  we  had  a  little  rain,  but  the  weather  was  un* 
usually  sultry.  Fur  some  days  prececliog  the  eruption^  the  Duke 
della  Torre,*  a  learned  and  ingenious  nobleman  of  this  oountryi  and 
who  has  published  two  letters  upon  the  subject  of  the  late  eruption, 
observed  by  bis  electrometers  that  the  atmosphere  was  charged  in 
excess  with  tlie  electric  fluid,  and  continued  so  for  several  days  dur- 
ing the  eruption :  there  are  many  other  curious  observations  in  the 
duke's  account  of  the  late  eruption. 

About  eleven  o'clock  at  night  of  the  12th  June,  at  Naples  we 
were  all  sensible  of  a  violent  shock  of  an  earthquake ;  the  undulatory 
Biotion  was  evidently  ^m  east  to  west,  and  appeared  to  me  to  have 
lasted  near  half  a  minute.  The  sky,  which  had  been  quite  clear,  was 
soon  after  covered  with  black  clouds.  Tlie  inhabitants  of  the  towns 
and  villages,  which  are  very  numerous  at  the  foot  of  Vesuvius,  felt 
this  earthquake  still  more  sensibly,  aud  say,  that  the  shock  at  first 
was  from  the  bottom  upn'ards,  after  which  followed  the  undulation 
from  east  to  west  This  earthquake  extended  all  over  the  Cam- 
pagna  Felice;  and  their  Sicilian  majesties  were  pleased  to  tell  me, 
that  the  royal  palace  at  Caserta,  which  b  fifteen  miles  from  this 
city,  and  one  of  the  most  magnificent  and  solid  buildiiigs  in  Europe 
(the  walls  being  eighteen  feet  thick),  was  shook  in  such  a  manner  as 
to  came  great  alarm,  and  that  all  the  cbamber4>elb  rang.  It  was 
likewise  much  felt  at  Benevento,  about  thirty  miles  from  Naples  ; 
and  at  Ariano  in  Poglia,  which  is  at  a  much  greater  distance ;  both 
these  towns  have  been  often  afflicted  with  earthquakes. 

On  Sunday  the  lAth  of  June,  soon  after  ten  o'dodt  at  night,  an- 
other shock  of  an  earthquake  was  felt  at  Naples,  but  did  not  appear 
to  be  quite  so  violent  as  that  of  the  l^th,  nor  did  it  last  so  long ;  at 
the  same  moment  a  fountain  of  bright  fire,  attended  with  a  veiy 
black  smoke  and  a  loud  report,  was  seen  to  issoe,  and  rise  to  a  great 
height,  from  about  the  mkldte  of  the  cone  of  Vesuvius;  soon  after 
another  of  the  same  kind  broke  out  at  some  Kttie  distance  lower 
down ;  then,  as  I  suppose  from  the  blowing  up  of  a  covered  channel 
full  of  red-hot  hva,  it  had  the  appearance  as  if  the  lava  had  taken 
ili  course  divectly  up  the  steep  cose  of  the  volcano.    Fresh  fonn* 
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tuns  tucoeeded  one  auotber  hastily,  and  all  io  a  direct  line- temb^ 
ibr  about  a  mile  and  a  half  down,  towards  the  towns  of  BcaiiHi  and 
Torre  del  Greco.    I  could  count  fifteen  of  Ihem,  but  I  believe  there 
were  others  obscured  by  the  smoke.    Ii  seems  probable,  that  all 
these  fountains  of  fire,  from  tlieir  being  in  such  an  exaet  line^  pro* 
ceeded  'from  one  and  the  same  long  Assure  down  the  flanks  of  the 
mountain,  and  that  tlie  lava  and  other  volcanic  matter  Ibrced  its  way 
out  of  the  widest  |>arts  of  the  cnic  k,  and  formed  f liere  the  little 
motinlains  and  craters  that  will  be  described  in  their  proper  place. 
It  is  impossible  that  any  description  can  give  ai»  idea  of  this  fiery 
scene,  or  of  the  horrid  noises  that  attended  this  great  operation  of 
nature.    It  was  a  mixture  of  the  loudest  thunder,  with  incessant 
reports^  like  those  from  a  numerous  heavy  artillery,  accompanied 
by  a  continued  hoUow  murmur,  like  that  of  the  roaring  of  the  ocean 
during  a  violent  storm ;  and  udded  to  these  was  another  blowing 
noise,  like  that  of  the  going  up  of  a  large  6i^ht  of  sky-rockets,  and 
which  brought  to  my  mind  also  that  noise  which  is  produced  by  the 
action  of  the  enormous  bellows  on  the  furnace  of  the  Carron  iron 
foundery  in  Scotland,  and  which  it  perfectly  resembled.  The  frequent 
falling  of  the  huge  stones  and  scoriai,  which  were  thrown  op  Io  an 
incredible  height  from  some  of  the  new  mouths,  and  one  of  whieh 
having  been  since  measured  by  the  Abb^Tata  (who  has  published  an 
account  of  this  eruption),  was  ten  feet  high,  and  thirty-five  in  cir- 
cumference,  contributed  undoubtedly  to  the  concussion  of  the  earth 
and  air,  which  kept  all  the  houses  at  Naples  for  neveral  hours  in  a 
constant  tremor,  every  door  and  window  shaking  and  rattling  in- 
cessantly, and  the  bells  ringing,     'Jliis  uas  an  awful  monieat!  The 
sky^  from  a  bright  full  moon  and  star-light,  began  to  be  obscured ; 
the  moon  had  presently  the  appearance  of  being  in  an  eclipse,  and 
soon  after  was  totally  lost  in  obscurity.     The  nmrmur  of  the  prayers 
and  lamentations  of  a  numerous  populace  forming  various  proces* 
sions,  and  parading  in  the  streets,  added  likewise  to  the  horror.    As 
the  lava  did  not  appear  to  me  to  have  yet  a  sufficient  vent,  and  it 
was  now  evident  that  the  earthquakes  we  had  already  felt  had  been 
occasioned  by  the  air  and  fiery  matter  confined  within  the  bowels  of 
the  mountain,  and  probably  at  no  small  depth  (considering  the  ex- 
tent of  those  earthquakes  ,  I  recommended  to  the  company  that 
was  with  me,  who  began  to  be.  much  alarmed,  rather  to  go  and 
view  the  mountain  at  some  greater  distance^  and  in  the  open  air, 
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than  to  remahi  in  the  house,  which  was  on  the  sea  side,  and  in  the 
part  of  Naples  that  is  nearest  and  most  exposed  to  Vesuvius*  We 
accordingly  went  to  Posilipo,  and  viewed  the  conflagration,  now 
become  still  more  considerable,  from  the  sea  side  under  that  moun- 
tain ;  but  whether  from  the  eruption  having  increased,  or  from  the 
loud  reports  of  the  volcanic  explosions  being  repeated  by  the 
mouutain  behind  us,  the  noise  was  much  louder,  and  mure  aiarniing 
than  that  we  had  heard  in  our  first  position,  at  least  a  mile  m- arer 
to  Vesuvius.  AAer  some  time,  and  which  was  about  two  o'clock  in 
the  nioming  of  the  1 6th,  having  observed  that  the  lavas  ran  in 
abundance  freely,  and  with  great  velocity,  having  made  a  consi- 
derable progress  towards  Resina,  the  town  which  it  first  threatened, 
and  that  the  fiery  vapours  which  had  been  contined  had  now  free 
vent,  through  many  parts  of  a  crack  of  more  than  a  mile  and  a 
half  in  length,  as  was  evident  from  the  quantity  of  inflamed  matter  and 
black  smoke,  which  continued  to  issue  from  the  new  mouths  above* 
mentioned  without  any  interruption,  I  concluded  that  at  Naples  all 
danger  from  earthquakes,  which  had  been  my  greatest  apprehension, 
was  now  totally  removed,  and  we  returned  to  our  former  station  at 
S.  Lucia  at  Naples. 

All  this  time  there  was  not  the  smallest  appearance  of  fire  or 
unoke  from  the  crater  on  the  summit  of  Vesuvius;  but  the  black 
smoke  and  ashes  bsuing  continually  from  so  many  new  mouths,  or 
craters,  formed  an  enormous  and  dense  boiiy  of  clouds  over  the 
whole  mountain,  and  which  l>egan  to  give  signs  of  being  replete 
with  the  electric  fluid,  by  exhibiting  flashes  of  that  sort  of  zig-zag 
lightning,  which  in  the  volcanic  language  of  this  country  is  called 
Jerilli,  and  which  is  the  constant  attendant  ou  the  most  violent  erup- 
tions. From  what  I  have  read  and  seen,  it  appears  to  me,  that  the 
truest  judgment  that  can  be  formed  of  the  degree  of  force  of  the 
fermentation  within  the  bowels  of  a  volcano  during  its  eruption, 
would  be  from  obsenring  the  size,  and  the  greater  or  less  elevation 
of  those  piles  of  smoky  clouds,  which  rise  out  of  the  craters,  and 
form  a  gigantic  mass  over  it,  usually  in  the  form  of  a  pine  tree,  and 
from  the  greater  or  less  quantity  of  ih^t/erilli,  or  volcanic  electricity, 
with  which  those  clouds  appear  to  be  chained. 

During  thirty  years  that  I  have  resided  at  Naples,  and  in  which 
space  of  time  I  have  been  witness  to  many  eruptions  of  Vesuvius,  of 
onie  sort  or  otbe|r,  I  never  saw  the  gigantic  cloud  aboveroentioiied 
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icplete  with  the  electric  fire»  except  iu  the  two  great  cniptkN»«f 
1707,  that  of  1779,  and  during  this  more  formidable  oae.  Tht 
dectric  fire,  hi  the  year  1779,  that  pla^Fcd  constantly  vritlua  the 
^enormous  black  cloud  over  the  crater  of  Vesuvius,  and  sddom  qoil* 
led  it,  was  exactly  sunilar  to  that  which  is  produced,  on  a  vary  ABali 
scale,  by  th«s  cortducior  of  an  electrical  unchme  oommunicating  with 
an  msukted  plate  of  glass,  thinly  spread  over  with  onallic  filhig% 
kc.  when  the  electric  matter  continues  to  play  over  it  in  mg-^mg  Kact 
without  quitting  it.  I  was  not  sensible  of  any  noise  attending  tfait 
operation  in  1779 ;  whereas  the  dischargfe  of  the  electrical  aaUfer 
from  the  volcanic  clouds  during  this  eniption,  and  particalariy  the 
seooud  ami  i2)  ni  liays,  cansed  explosions  like  those  ot  the  loudest 
thunder ;  a*Hi  iiuiced  the  storms  raised  evidently  by  the  »*le  power 
of  the  volc&n*!,  resembled  iu  every  resjiect  all  other  thunderstorms; 
the  lightnins^  falliog  and  dei^troyiiig  every  thing  in  its  course.  The 
house  of  tbe  Maicjuis  of  Berio  at  8.  iono,  situated  at  the  foot  of 
Vesuvius,  during  one  of  Iheiie  volcanic  stonns  was  struck  with  light* 
ning,  which  having  shattered  many  doors  and  windivws,  and  damaged 
the  furniture,  left  tor  some  time  a  strong  s^iell  of  sulpbnr  in  the 
rooms  it  passed  through.  Out  of  these  gigantic  and  volcanic  cloodi^ 
besides  the  lightning,  both  during  this  eruption  and  that  of  1779»  I 
have,  with  many  others,  seen  balls  of  0re  issue,  and  some  of  a  coosi* 
derable  magnitude,  which  bursting  in  the  air,  produced  neariy  the 
same  efiect  as  that  from  the  air-balloons  iu  fireworks,  the  electric 
fire  that  came  out  having  the  appearance  o(  the  serpents  with  which 
those  firework  balloons  are  often  filled.  The  day  on  which  Naples 
was  in  the  greatest  danger  from  the  volcanic  clouds,  two  aiaaU  baiU 
of  fire,  joined  together  by  a  small  link  like  a  cham^shot,  fell  close  to 
my  casino,  at  Posilipo ;  they  separated,  and  one  fdl  in  the  vineyasd 
above  the  hoyse,  and  the  other  in  the  sea,  so  close  to  it  that  I  heard 
a  splash  in  the  water ;  but,  as  I  was  writing,  I  lost  the  sight  of  this 
phenomenon,  which  was  seen  by  some  of  the  company  with  me, 
and  related  to  me  as  above.  The  Abb^  Tata,  m  his  printed  account 
of  thb  eruption,  mentions  an  enormous  ball  of  this  kind  which  fiew 
out  of  the  crater  of  Vesuvius  whilst  he  was  standing  on  the  edge  of 
it,  and  which  burst  in  the  air  at  some  distance  from  the  mountain, 
soon  after  which  he  heard  a  noise  like  the  fall  of  a  nnmber  of  stones, 
or  of  a  heavy  shower  of  hail. 
During  the  eruption  pt  the  Idth  at  night,  few  qf  the  iuhabitiuiti 
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of  Naples^  item  tbe  dread  of  earthquakes,  ventured  to  go  to  their 
bedt.  Tbe  common  people  were  either  employed  in  devout  proces- 
sions in  the  streets,  or  were  sleeping  on  the  quays  and  open  places ; 
the  nobility  and  gentry,  having  caused  their  horses  to  be  taken  from 
theur  carriages,  slept  in  them  in  the  squares  and  open  places,  or 
on  tbe  high  roads  just  out  of  the  town.  For  several  days,  whilst 
the  volcani^orms  of  thunder  and  lightning  lasted,  the  inhabitants 
at  the  foot  of  the  volcano,  both  on  the  sea  side  and  the  Somma  side, 
were  often  sensible  of  a  tremor  in  the  earth,  as  well  as  of  the  con- 
cussions in  the  air ;  but  at  Naples  only  the  earthquakes  of  the  ]2tb 
ind  15th  of  June  were  distinctly  and  universally  felt :  this  fair  city 
«ould  not  certainly  have  resisted  long,  had  not  those  earthquakes 
been  fortunately  of  a  short  duration.  Throughout  this  eruption, 
which  continued  in  force  about  ten  days,  the  fever  of  the  mountain, 
as  has  been  remarked  in  former  eruptions,  shewed  itself  to  be  in 
some  measure  periodical,  and  generally  was  most  violent  at  the 
break  of  day,  at  noon,  and  at  midnight. 

About  four  o'clock  iu  the  morning  of  the  l6th,  the  crater  of  Ve. 
suvius  began  to  shew  signs  of  being  open,  by  some  black  smoke 
issuing  oat  of  it;  and  at  daybreak  another  smoke,  tinged  withered, 
issuing  frooi  an  openmg  near  the  crater,  but  on  tbe  other  side  of  the 
mountain,  and  lacing  the  town  of  Ottaiano,  shewed  that  a  new  montlr 
had  opened  there,  and  from  which,  as  we  heard  afterwards,  a  consi- 
derable stream  of  lava  issued,  and  ran  with  great  velocity  through  a 
wood,  which  it  burnt ;  and  having  nui  about  three  miles  in  a  few 
hours,  it  stopped  before  it  had  arrived  at  the  vineyards  and  cuhi* 
vated  lands*  The  crater,  and  all  the  conkal  part  of  Vesuvius,  was 
sooo  involved  in  douds  and  darkness,  and  so  it  remained  for  several 
days;  but  above  these  clouds,  although  of  a  great  height,  we  could 
often  discern  fkesh  columns  of  smoke  from  the  crater,  rising  furionsly 
still  higher,  until  the  whole  mass  remained  in  the  usual  form  of  a 
pfaie-tree;  and  in  that  gigantic  mass  of  heavy  clouds  ihefgrilH,  or 
volcanic  lightning,  was  ft«quently  visible,  even  in  the  day  time. 
Abont  five  o'clock  in  the  momiug  of  the  l6th  we  could  plainly  pcr« 
ceive,  that  the  lava  which  had  first  broke  ont  from  the  several  new 
mouths  on  tbe  south  side  of  the  mountain,  had  reached  the  sea,  and 
was  tunning  into  it,  having  overwhelmed,  burnt,  and  destroyed  the 
greatest  part  of  Torre  del  Greco^  the  principal  stream  of  hiva 
having  taken  its  course  through  the  very  centre  of  the  town.    We 
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observed  from  Naples,  thiit  when  the  !«▼•  was  b  tb«  viiiiey«rdam  ib 
way  to  the  town,  there  issaed  often,  and  in'  diftrent  parts  €»f  k;  a 
bright  pale  flame,  and  very  difierent  from  the  deep  red  of  tke  lava ; 
thu  was  occasioned  by  the  burning  of  the  trees  that  supported  the 
vines.     Soon  after  the  beginning  of  this  eniptioii«  askes  ftii  thick 
at  the  foot  of  the  mountain,  all  the  way  from  Portici  to  the  Torir 
del  Greco;  and  what  h  remarkable^  although  tbcr^^were  not  at 
that  lime  any  clouds  in  the  air,  except  tlio^  of  smoke  from  tha 
mountain,  the  ashes  were  wet,  and  accompanied  with  fmrge  dfopsaf 
water,  which,  as  I  have  been  well  assured,  were  to  the  taste  veij 
salt ;  the  road,  which  is  paved,  was  as  wet  as  if  there  had  bcea  a 
heavy  shower  of  rain.    Those  ashes  i%€re  black  aud  coarae^  like  the 
sand  pf  the  sea  shore,  whereas  those  that  fell  there^  and  at  Naples 
some  days  after,  were  of  a  ligbt*grey  colour^  and  as  fine  as  Spanisk 
snuff,  or  |>owdered  bark.    They  contained  many  saline  fMUticlesf 
as  I  observed,  when  I  went  to  the  town  of  Torre  del  Greco  on  the 
17th  of  June,  that  those  ashes  that  lay  on  the  ground,  exposed  to 
the  burnins^  sun^  had  a  coat  of  the  whitest  powder  00  their  aorface, 
which  to  the  taste  was  extremely  salt  aud  pmigent.     In  the  printed 
account  of  the  late  erupt  ion  by  Emanuel  Scotti,  doctor  of  ph^ 
and  professor  of  philosophy  in  the  university  of  Naples,  he  supposes 
(which  appears  to  be  hT«Tlily  probable)  that  the  water  which  aoooah 
panted  the  fkW  of  the  ashes  at  the  l>eginning  of  the  eruption^  mas 
produced  by  the  mixture  of  the  inflammabhf  aud  dephlogisticaled 
air,  according  to  experiments  made  by  Doctor  Priestley  and  Momieur 
Lavoisier. 

By  the  time  that  the  lava  had  reached  the  sea,  between  five  and 
six  o'clock  in  the  morning  of  the  l6th,  Vesuvius  was  so  completely 
involved  in  darkness,  that  we  could  no  more  discern  the  violent  ope- 
ration of  nature  that  was  going  on  there,  and  so  it  remained  for  several 
days;  but  the  dreadful  noise  we  heard  at  times,  and  the  red  tinge  on  tlie 
clouds  over  the  top  of  the  mountain,  were  evident  signs  of  the  acti- 
vity of  the  fire  underueath.  The  lava  ran  but  slowly  at  Torre  del 
Greco  after  it  had  reached  the  sea ;  and  on  the  Ifth  of  June  in  the 
rooming,  when  I  went  in  my  boat  to  visit  that  unfortunate  town,  its 
course  was  stopped,  excepting  that  at  times  a  little  rivulet  of  liquid 
fire  issued  from  under  the  smoking  scoriae  into  the  sea^  aud  caosed  a 
hissing  noise,  and  a  white  vapour  smoke ;  at  other  times,  a  quantity 
of  large  scoriae  were  pushed  off  the  surface  of  the  body  of  the  lara 
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into  the  sea,  discovering  that  it  was  red  hot  under  that  surface; 
and  even  to  this  day  the  centre  of  the  thickest  part  of  the  Java  that 
covers  the  town  retains  its  red  heat.  The  breadth  of  the  lava  that 
ran  into  the  sea,  und  has  formed  a  new  promontory  there,  after 
having  destroyed  the  greatest  part  of  the  town  of  Torre  del  Greco, 
having  been  exactly  measured  by  the  Duke  della  Torre,  is  of  Eng- 
lish  feet  120^  Its  height  above  the  sea  is  twelve  feet,  and  as  many 
feet  under  water,  so  that  its  whoie  height  is  twenty-four  feet ;  it 
extends  into  the  sea  six  hu:tdred  and  twenty-six  feet.  1  observed 
that  the  sea  water  was  boiling  as  in  a  cauldron,  where  it  washed  the 
foot  of  this  new  formed-proniontory ;  and  although  1  was  at  least 
an  hundred  yards  from  it,  observing  that  the  sea  smoked  near  my 
boat,  1  put  my  hand  into  the  water,  which  was  literally  scalded; 
'and  by  thbtinie  my  l>oatnien  observed  that  the  pitch  from  the  bottom 
of  the  boat  was  melting  fast,  and  floating  on  the  surface  of  the  sea, 
and  that  the  boat  began  to  leak;  we  therefore  retired  hastily  from 
this  spot,  and  landed  at  some  distance  from  the  hot  lava.  The 
town  of  Torre  del  Oreco  contained  about  i  8000  inhabitants,  all  of 
which  (except  about  fifteen,  who  from  either  age  or  infirmity  could 
not  be  moved,  and  were  ovem* helmed  by  the  lava  in  their  houses) 
escaped  either. to  Castel-a-mare,  which  was  the  ancient  Stabiae,  or 
to  Naples ;  but  the  rapid  progress  of  the  lava  was  such,  af^er  it  had 
altered  its  course  from  Resina,  which  town  it  first  threatened,  and 
had  joined  a  fresh  lava  that  issued  from  one  of  the  new  mouths  in  a 
vineyard,  about  a  mile  from  the  town^  that  it  ran  like  a  torrent  over 
the  town V)r  Torre  del  Greco,  allowing  the  unfortunate  inhabitants, 
scarcely  time  to  save  their  lives ;  their  goods  and  effects  were  totally 
abandoned,  and  indeed  several  of  the  inhabitants,  whose  houses  had 
been  surrounded  with  lava  whilst  they  remained  in  them,  escaped 
from  them  and  saved  their  lives  the  following  day,  by  combg  out  of 
the  tops  of  their  biilues,  and  walking  over  the  scoriae  on  the  sar^ice 
of  the  red-hot  lava.  Five  or  six  old  nuns  were  taken  out  of  a  convent 
in  this  manner,  on  the  1 6th  of  June,  and  carried  over  the  hot  lava,  as 
1  was  informed  by  the  friar  who  assisted  them ;  and  who  tofd  me 
that  their  stupidity  was  such,  as  not  to  have  been  the  least  alarmed, 
'  or  sensible  of  their  danger:  he  found  one  of  upwards  of  ninety 
years  of  age  actually  warming  herself  at  a  point  of  red-bot  lava, 
which  touched  the  window  of  her  cell,  and  which  she  said  was  very 
comfortable ;  and  though  now  apprised  of  their  danger^  they  were 
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•tiU  ipciy  miwiilii^  to  leave  tbeir  eoBvent,  m  which  limf  imA 

ih«t  up  tlmoil  ftOB  Aeir  inimiiGy,  their  ideet 

the  spece  they  inhabited.    Having  dciiKd  thta  to  padi  «p 

ever  they  bad  that  was  inoit  valuable,  they  all  loaded 

with  biaciiitt  and  sweetmeats,  and  it  was-bvl  hj 

fnar  discovered  that  they  had  left  aaam  of 

which  he  recovered  for  thea;  and  theee  nana  aia 

at  Naples. 

At  the  time  I  Umded  at  Tone  del  Oiaeo  on  the  ITIh.  J 
some  few  of  its  inhabitants  returned*  and  imliaimaihg  to 
their  effects  from  such  houses  as  had  not  been  tfawwwi  ^mm^  m 
not  totally  buried  under  the  hiva;  but  alas  I  what  was  their  cnMldh* 
appointment  when  they  found  that  their  houses  had  heea  alicady 
broke  open,  and  completely  gutted  of  every  thing  that  was  valwahia; 
and  I  saw  a  scuffle  at  the  door  of  one  house,  between  theprepijetois 
and  the  robbers  wlio  had  taken  possession  of  it    The  bva  had 
passed  over  the  centre  and  best  fiart  of  the  town ;  no  part  of  the  rathe 
dral  remained  above  it,  except  the  upper  part  of  a  sqoaia  biidk 
towNT,  in  vrhich  are  the  bells;  and  it  b  a  airioas  circaaHtaoee  that 
those  bells,  althongh  they  are  neither  cracked  normelled^  «ads- 
prived  of  their  tone  as  much  as  if  they  hail  been  cracked,  I 
by  the  action  of  the  ackl  and  vitrk>lic  vapours  of  the  lava, 
of  the  inhaliitants  of  Torre  del  Greco  told  me,  that  when  thekta 
first  entered  the  sea,  it  threw  up  the  water  to  a  prodigious  he%ht; 
aind  particularly  when  two  points  of  lava  met  and  inclosed  a  pad  el 
water,  that  then  that  water  was  thrown  up  with  great  vtktnvi,  aad 
a  kmd  report :  they  likewise  told  me,  that  at  thb  tune,  as  well  as  the 
day  after,  agreat  maoy  boiled  fish  were  seen fioatiog  on  IhesuiAee 
of  thesea;  and  I  have  suice  been  assured  by  many  o(f  the  fidhemcii 
of  Portici,  Torre  del  Greco,  and  Torre  dell'  Anoanaaia  (jstt  of 
which  towns  are  situated  at  the  foot  of  Vesuvifli),  that  they  could 
not  for  many  days  during  the  eruption  catch  a  fish  withm  two  ^^1^^ 
of  that  coast,  which  they  had  evidently  deserted. 
*  When  this  lava  is  cooled  sufficiently,  which  may  not  be  until  same 
months  hence,  I  shall  be  curious  to  examme  whether  the  ccati^  or 
aoHd  aad  compact  parts,  of  the  lava  that  ran  mto  the  sea  hm  taken, 

as  it  probably  may,  the  piismatieal  form  of  basalt  columiM,  Ihe  many 
other  ancient  lavas  disgorged  into  the  water.  The  exterior  of  tUi 
Ikva  at  present,  like  all  others,  oflen  to  the  eye  nothing  but  a  can- 
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.Amed  hetpof  iooie  scorue.  The  lavm  over  the  cathedreU  and  in 
other  parts  of  the  town,  is  Hpwards  of  forty  feet  in  fhidmess ;  the 
general  height  of  the  hiva  during  its  whole  coarse  is  abovt  twelve 
feet,  and  in  some  parts  not  less  than  a  mile  in  breadth.  I  walked  in 
the  few  remaining  streets  of  thcrtown,  and  I  went  on  the  fop  of  one 
of  the  highest  houses  that  was  stiU  standing,  although  surrounded  by 
the  lava ;  I  saw  firom  thence  distinctly  the  whole  course  of  the  lafa, 
that  covered  the  best  part  of  the  town;  the  tops  of  the  houses  were 
just  fisibte  here  and  there  in  some  parts,  and  the  timbers  within  still 
bumuig  caused  a  bright  flame  to  Issue  out  of  the  surface ;  in  other 
partSy  the  sulphur  and  salts  exhaled  in  a  white  smoke  from  the  lava, 
fbmung  a  widte  or  yellow  crust  on  the  scoriae  round  the  spots  where 
k  issued  with  the  most  force.  Often  I  heard  little  explosions,  and 
saw  that  they  blew  up,  like  little  mines,  fragments  of  the  scorise  and 
ashes  into  the  ail^  I  suppose  them  to  have  been  occasioned  either 
by  rarefied  air  m  confined  cellars,  or  perhaps  by  small  portions  of 
gimpowder  taking  fire,  as  few  m  this  country  are  without  a  gun  and 
some  little  portion  of  gunpowder  in  their  houses.  As  the  church 
leasts  are  here  usually  attended  with  fireworks  and  crackers,  a  fire- 
work*niaker  of  this  town  had  a  very  great  quantity  of  fireworks 
ready  made  for  an  approaching  feast,  and  some  gunpowder,  all  of 
which  had  been  shut  up  m  his  house  by  the  lava,  a  part  of  whkh 
bad  even  entered  one  of  the  rooms;  yet  he  actually  saved  all  his 
fireworks  and  gimpowder  some  days  after,  by  carrying  them  safely 
over  the  hot  laviu  I  should  not  have  been  so  much  nt  my  ease  had 
I  known  of  this  gimpowder,  and  of  several  other  barrels  that  were  at 
the  sanw  time  in  the  celhur  of  another  houses  inclosed  by  the  lava, 
and  which  were  afterwards  brought  off  on  women's  heads,  little 
thittkfaig  of  their  danger,  over  the  scorise  of  the  lava,  that  was  red- 
hot  undemeatht  The  heat  in  the  streets  of  the  town,  at  this  time, 
was  so  great  as  to  lahe  the  quicksilver  in  my  thermometer  to  very 
near  100  degrees,  and doea  to  the  hot  kvaitro%i  much  higher;  but 
what  drove  me  from  this  nselancholy  spot  was,  that  one  of  the  rob* 
hers  with  a  great  pig  on  his  dioulderBp  pursued  by  the  proprietor 
with  a  long  gun  pointed  at  him,  kept  dodgmg  round  me  to  save 
himself;  Ibid  hmi  throw  down  the  pig  and  run,  wbich  he  dkl;  and 
the  proprietor,  satisfied  with  having  recovered  his  loss,  acquainted 
me  with  my  dangert  by  tdling  me  that  there  were  now  thieves  in 
every  house  that  was  left  standing.  I  thought  it  therefore  high  time 
VOL.  I.  3  c 
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to  retire,  both  for  ny  oim  safety*  and  tkat  I  niig^  aidnvoar  to 
procure  from  Naples  some  protectkm  fimr  the  doubly  mfbrtmile 
sofieiers  of  this  unlmppy  town.  A^ieordingly  1  returned  la  Naples 
10  my  boat,  and  immediately  atquidnted  this  ^veruoMiit  wkh  wfaal 
I  had  just  seen  myself;  in  consequeuce  of  which  afbody  of  aoldieii 
was  sent  directly  to  their  relief  by  sea,  the  road  by  laud  havii^  itoeo 
cut  off  by  the  lava.  I  remarked  in  my^way  homie,*  that  there  ivaa  u 
much  greater  quantity  of  the  petroleum  floatiog  ou  the  fluftce  of 
the  sea,  and  difiusiog  a  very  strong  and  ofieosive  iaacll,  Ihu  was 
usual ;  for  at  all  times  m  calms,  patches  of  this  bitunumMM  60, 
ailed  here  petroleum^  are  to  be  seen  floatmg  on  the  surfaee  of  the 
sea  between  Portici  and  Naples,  and  particuhirly  cippoaite  u  viUags 
called  Pietra  Bianca.  The  minute  ashes  continued  falliug  all  thk 
day  at  Naples ;  the  mountain,  continually  obscured  by  then^  coati* 
nued  to  alarm  us  with  repeated  loud  explosions ;  the  stieota  of  this 
city  were  this  day  and  the  next  constantly  filled  with  ivligiotts  aai 
penetential  processions,  composed  of  all  classes,  and  nothhig  was 
heard  in  the  midst  of  darkness  but  the  thunder  of  the  nomtam,  and 
9ra  pro  nobiu  The  sea  wuid  mcreasrog  at  tines,  deliveied  us  fhm 
these  ashes,  which  it  scattered  over  diflferent  parts  of  the 
Felice. 

On  Wednesday  the  18tb,  the  wind  havii^  for  a  alwrt  space  of 
time  cleared  away  tlie  thick  cloud  from  the  top  of  Vesuvius,  we  dis- 
covered that  a  great  part  of  its  crater,  particularly  on  the  west  side 
opposite  Naples,  had  fallen  in,  which  it  probably  did  about  four 
o'clock  in  the  morning  of  this  day,  as  a  aiolent  shock  of  an  earth- 
quake was  felt  at  that  moment  at  Resfna,  and  other  parts  sdtoated  at 
the  foot  of  the  volcano.  The  clouds  of  smoke^  mixed  wkh  the 
ashes  whkh,  as  I  have  befbie  remarked,  were  as  fine  as  Spanish 
snnff  (so  much  so  that  the  impression  of  a  seal  with  my  coat  of  aims 
would  remain  distinctly  marked  npoo  them),  w«e  of  suob  a  density 
aft  to  appear  to  bav«  Uie  greatest  difficulty  in  fercing  their  passage 
out  of  the  now  widely  extended  mouth  of  Vesuvius,  which  certaialy, 
since  the  top  fell  in,  oannot  be  much  short  of  two  miles  iu  mnmth 
ference.  One  cloud  heaped  on  another,  and  succeedmg  one  another 
mcessantly,  formed  in  a  few  hours  sadi  a  gigantic  and  elevated  co- 
lumn of  the  darkest  hue  over  the  mountain,  as  seemed  to  thteatea 
Naples  with  immediate  destructiou,  having  at  one  time  been  beat 
over  the  city,  and  appearing  to  be  much  too  massive  and  pondi 
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to  remain  loDg  suspended  in  the  air;  it  was  besides  replete  with 
the  ferilH,  or  volcanic  lightnighty  which  was  stronger -than  com- 
Inon  ligSitning,  just  as  Pliny  the  younger  describes  it  in  one  of  his 
letters  to  Tacitus,  when  be  says  /ulgoritus  Uk  ct  HmileS  et  majwres 
-tranU 

Vesuvius  was  at  this  time  completely  covered,  as  were  all  the  old 
black  Javas,  with  a  thick  coat  of  these  fine  light.grey  ashes  already 
fallen,  which  g;ive  it  a  cold  and  horrid  appearance ;  and  in  compa* 
lison  of  the  abovemeotioned  enormous  mass  of  clouds,  which  cer-> 
taiuly,  however  it  may  contradict  our  idea  of  the  Extension  of  our 
atmosphere,  rose  many  miles  above  the  mountain,  it  appeared  like 
k  mole-hill ;  although,  as  you  know.  Sir,  the  perpendicular  height 
<^  Vesuvius  from  the  level  of  the  sea,  is  more  than  three  thousand 
six  hundred  feet.  The  Abb^  Braccini,  as  appears  iu  his  printed  ac< 
count  of  the  eruption  of  Mount  Vesuvius  in  l631,  measured  with  A 
quadrant  the  elevation  of  a  mass  of  clouds  of  the  same  nature,  that 
was  formed  over  Vesuvius  during  that  great  eruption,  and  found  it 
to  exceed  thirty  miles  in  height.  Doctor  Scotti,  m  his  prmted  ac- 
count of  thb  eruptioU|  says^  that  the  height  of  this  threatening  cloud 
of  smoke  and  ashes,  measured  (but  he  does  not  say  how)  from 
Naples,  was  found  to  be  of  an  elevation  of.  thirty  degrees.  All  1 
can  say  is,  that  to  my  eye  the  distance  from  (he  crater  of  Vesuvius 
to  the  most  elevated  part  of  the  cloud,  appeared  to  me  nearly  the 
tame  as  that  oi  the  island  of  Caprea  from  Nitples,  and  which  is  about 
twenty-five  ittiles ;  but  I  am  well  aware  of  the  hiaccuracy  of  such 
a  sort  of  measurement. 

I  must  own,  that  at  that  moment  I  did  apprehend  Naples  to  be  in 
iome  danger  of  l>eiug  buried  under  the  ashes  of  the  volcano,  just  as 
the4owns  of  Herculaneum  and  Pompeii  were  in  the  year  79*    The 
ashes  that  fell  then  at  Pompeii  were  of  the  same  fine  quality  as  those 
from  this  eruption ;  havuig  often  observed,  when  present  at  the  et^ 
cavatiotis  of  that  ancient  city,  that  the  aslies,  which  1  suppose  td 
have  been  mixed  with  water  at  the  same  time,  had  taken  the  exact 
impression  or  mould  of  whatever  they  had  inclosed ;  w  that  the 
compartments  of  the  wood  work  of  the  windows  and  doors  of  the 
houses  remained  impressed  on  this  volcanic  tufa,  although  the  wood 
itself  had  long  decayed,  and  not  an  atom  of  it  to  be  seen,  except 
when  the  wood  had  been  burnt,  and  then  you  found  the  charcoal. 
•Harag  once  been  pretcul  at  the  discovery  of  a  skeletoa  in  the  great 
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street  of  Pompdi^  of  a  penoo  who  imd  bteo  thst  iqi  by  die  mbm 
durfaig  the  cnqytion  of  79>  1  ^ngtg^  the  mtti  that  were  €%pBg  t» 
take  off  the  piece  of  hardened  tuf<s  that  coveied  Ihe  ha4»  ^rilfc 
great  care»  and,  as  hi  a  mould  just  taken  offteplaaler  of  Farii^we 
lonnd  theunprsssion  of  thee3fes,thatwCKshnt,oftheiioic^iqo«lli 
and  of  every  feature  perfectly  dbtmct  A  suniiar  ipfuhnm  ef  a 
mould  of  this  kmd,  brought  from  Pon^ieii,  is  now  ia  his  SkKae 
Majesty's  museum  at  Portidi  it  had  been  fonned  over  thr  lisie^ 
of  a  young  woman  that  had  been  shut  iqp  m  the  vekanic  flmticis 
every  fold  of  a* thm  drapery  that  covered  her  brcnsl  is  encttyiepie- 
sented  in  this  mould :  and  in  the  volcanic  tnfe  that  fitted  the  aadent 
theatre  of  Herouhuieumy  the  exact  mould  or  impwasion  of  the  ftee 
of  a  marble  bust  is  still  to  be  seen«  the  bust  or  statue  having  been 
long  sinoe  removed.  Having  observed  these  fine  ashes  iaMdag  m 
such  abundance  from  Vesuvius,  and  having  the  appearance  of  being 
damp  or  wet,  that  they  do  not  take  soeh  beaulifiil  fcnas  ami  volutea 
as  a  fine  dry  smpke  usually  does,  but  appear  ia  haid  and  stiff  Utfle 
curls,  you  will  not  wonder  then,  that  the  fiite  irf  Hfrrnhmum  and 
Fompen  should  have  come  again  strongly  into  my  asind  |  but  fisa* 
tunately  the  wind  sprung  up  fresh  firom  the  sea«  and  the  thifatiiHim 
doud  bent  gradually  from  us  over  the  BMuntain  of  Sonuna,  and  in- 
Tolved  all  that  part  of  the  Campagna  in  obscurity  and  danger. 

To  avoid  prolixily  and  repetition,  I  need  only  say,  that  the 
storms  of  thunder  and  lightning,  attended  at  times  with  heavy  fidU 
of  raio  and  ashes,  causing  the  most  destructive  tprrents  of  water  and 
glutinous  mud,  mixed  with  huge  stones,  and  trees  torn  up  by  the 
roots,  continued  more  or  less  to  afBict  the  inhabitants  on  both  sides 
of  the  volcano  until  the  7th  of  July,  when  the  last  tonent  destroyed 
many  hundred  acres  of  cultivated  land,  between  the  towns  of  Toire 
f  lei  Oreco  and  Torre  dell*  Annunziata.  Some  of  these  tonenta,  as 
H  have  been  credibly  assured  by  eye  witnesses,  both  on  the  sea  ade 
and  the  Somma  side  of  the  mountam,  came  down  with  a  horrid 
rushing  noise ;  and  some  oL  them,  after  having  forced  their  wi^ 
through  the  narrow  guliies  of  the  mountam,  rose  to  the  height  of 
more  than  twenty  feet,  and  were  near  half  a  mile  in  extent  Ike 
mud  of  which  the  torrents  were  composed,  bemg  a  kind  of  natural 
mortar,  has  completely  cased  up,  and  ruined  for  the  present,  som^ 
thousand  acres  of  rich  vineyards  ^  for  it  soon  becomes  so  hard,  that 
nothing  less  than  a  pick-axe  can  break  it4ip;  I  say  for  the  piescali 
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as  I  imngine  th^t  hereafter  the  soil  may  be  greatly  improved  by  the 
quaotitj  of  saline  particles  that  the  ashes  from  this  eruptioii  evi- 
deotly  eontaio.  A  gentleman  of  the  Britbh  factory  at  Naples, 
having  tilled  a  plate  with  the  ashes  that  had  £iileo  on  hb  balcony 
during  the  eruption,  and  sowed  some  pease  in  them,  assured  me 
that  they  came  up  the  third  day,  and  that  they  continue  to  grow 
much  faster  than  is  usual  in  -the  best  common  garden  soil. 

My  curiosity,  or  rather  my  wish  to  gratify  that  of  our  respectable 
Society,  mduced  me  to  go  upon  Mount  Vesuvius,  as  soon  as  1  thought 
I  might  do  it  with  any  degree  of  prudence,  which  was  not  until  the 
30th  of  June,  and  then  it  was  attended  with  some  risk,  as  will  appear 
in  the  course  of  this  narrative.  The  cnM^r  of  Vesuviusy  except  at 
short  intervals,  had  been  continually  obscured  by  the  vojcanic  clouds 
ever  since  the  l6th,  and  was  so  this  day,  with  frequent  flashes  of 
lightning  playing  m  those  clouds,  and  attended  as  usual  with  a  noise 
like  thunder ;  and  the  fine  ashes  were  stil^  falling  on  Vesuvius,  but 
still  more  on  the  mountain  of  Somma.  I  went  up  the  usual  way  by 
Besina,  attended  by  my  old  Cicerone  of  the  mountahi^  Bartolomeo 
Pumo,  witli  whom  I  h^ve  been  slaty-eight  times  on  the  highest  point 
of  Vesnvhis.  I  observed  in  my  way  through  the  village  of  Resina 
that  many  of  the  stones  of  the  pavement  had  been  loosened,  and 
were  deranged  by  the  earthquakes,  particularly  by  that  jpf  the  18tb» 
which  attended  the  ialluig4n  of  the  crater  of  the  volcano,  and  which 
as  they  told  me  there,  had  been  so  violent  as  to  throw  many  people 
down,  and  obliged  all  the  inhabitants  of  Resma  to  quit  their  houses 
hastily,  and  tp  whidi  they  did  not  dare  return  for  two  days.  The 
leaves  of  all  the  vmes  were  burnt  by  the  ashes  that  had  fallen  on 
them,  and  many  of  the  vines  themselves  were  buried  under  the  ashes, 
and  great  branches  of  the  trees  that  supported  them  bad  .been  torn 
off  by  their  weight.  lu  short,  nothing  but  ruin  and  desolation  wal 
to  be  seen.  The  ashes  at  the  foot  of  the  mountain  were  about  ten 
or  twelve  inches  thick  on  the  surfiBu:e  of  the  earth,  but  in  proportion 
as  we  ascended  their  thickness  increased  to  several  feet,  I  dare  say 
not  less  than  nuie  or  tep  in  some  paiis;  so  that  the  sur&ce  of  the 
old  rugged  lavas,  that  before  was  almost  impracticable,  was  now 
become  a  perfect  plam,  over  which  w^  walked  with  the  greatest 
ease.  The  ashes  were  of  a  light-grey  colour,  and  exceedingly  ^ne, 
so  tha)  by  tl|e  footstqps  being  marked  on  them  as  on  snow,  Yfn  ksrpt 
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lliat  three  nuall  parties  bail  been  up  befure  us.  We  saw  1i)ce«iH 
the  Inck  of  n  fox,  dial  Bp)>eari'il  lu  Iiave  breii  (juite  bewiidered,  U 
juitge  from  the  many  turns  be  liad  uiutJc.  Elven  the  lnic«s  of 
lisards  and  oilier  Utile  animals,  u  <^  of  ii\ik<:\s,  were  visible  ou  tbeM 
fine  Biltes.  We  ucetided  lo  ibe  spot  whence  ilie  lava  of  the  15lb 
linl  iuuetl,  and  we  followeil  the  coui^e  of  it,  which  wai  alill 
Tcrj  hi>t  (although  covered  with  such  u  tbicb  ci>at  of  ashes),  quile 
dowit  to  the  tea  at  Torre  del  Ureco,  wWirh  is  monr  than  five  miles. 
A  p»ir  of  boota,  to  which  I  had  for  tlie  pur|iose  Hitded  a  new  and 
thick  sole,  were  burnt  through  mi  ibis  expc<lili<iii.  It  wai  not  pos- 
liMe  to  gel  up  lo  the  great  cmler  ol  Vrvuvim,  uor  Wl  »ay  ooc  jrct 
«tten>pted  it.  The  horrid  chasms  that  exist  from  the  qxd  where  the 
lata  fruplion  first  took  place,  in  a  straight  line  for  near  two  mUes 
towpr<lf  Ihe  tea,  cannot  be  imagined.  Tbej  fomied  vsllies  moie 
than  two  hundrec)  feet  derp,  and  ftom  half  (o  a  mile  wide ;  and 
irhere  tlie  fuuntalns  of6ery  matter  c\iiled  during  the  ernptiun, are 
little  niountaini  with  deep  craters.  Ten  thousand  nen,  in  as  nuiBj 
years,  could  nol,  sorely,  make  in^  an  alteratioii  oa  the  hce  of 
Vesuvius,  at  has  been  made  by  nature  in  the  vhorl  space  of  five  boon. 
Except  the  exhalalioQi  of  sulphurpoui  ind  vitriolic  vapours,  ribich 
bralie  out  from  diflvrenl  tpots  of  the  line  abovemfnlioDett,  aid 
tinged  the  surface  of  tlic  .isbes  and  scorin  ia  those  parts  with  cilber 
a  deep  or  pale  yellow- wiih  areJdisli  oclirc  colour,  or  a  bright  « bite, 
and  in  some  purts  with  a  di-ep  ^rven  and  azure  blue  (so  Ibtt  Ibe 
^hole  together  liad  ilie  rifecl  of  an  iriii),  all  arooud  us  bad  tbe  ap- 
pearance of  a  sandy  dfwrt.  We  went  on  tlie  top  of  scren  of  (lit 
most  poiisidcrdble  of  the  uew-formcd  niounlaiiu,  and  looJied  in{o 
tbeir  craleri,  which  on  some  of  Ibem  appeared  to  be  little  short  of 
half  a  mile  in  circumference  ;  and  uliliougb  the  exterior  perpendicu- 
lar height  of  any  of  Ibem  did  not  exceed  two  hundred  feet,  the 
depth  of  their  inverted  cone  within  was  three  times  as  great.  It 
would  not  have  beep  possible  for  us  to  have  breatlted  on  these  new 
mountains  near  their  craleri,  if  we  had  nol  taken  tbe  precautiou  of 
lying  a  doubled  handkerchief  over  our  motilhs  aud  nostiib;  and 
even  with  that  precaution  we  could  not  r^isl  long,  the  fumes  of  the 
vilrinlic  acid  were  so  exceedingly  penetrating,  and  of  such  a  suffu- 
caliiig  quality.  We  fonnd  in  one  a  double  crater,  like  two  fuiradi 
joined  togelher ;  and  in  alt  (here  irai  some  lj[lle  amoke  fnd  depeii- 
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jUoof  of  salts  and  sulphurs,  of  the  various  colours  abovementioiMd, 
just  as  is  commonly  seen  adhering  to  the  inner  walls  of  the  principal 
crater  of  Vesuvius. 

Two  or  three  days  after  we  bad  been  here,  one  of  the  new 
mouths  into  which  we  had  looked,  suddenly  made  a  great  explosion 
of  stones,  smoke,  and  ashes,  which  would  certainly  have  proved  ^tal 
to  any  one  who  might  unfortunately  have  been  tliere  at  the  time  of 
the  explosion*  We  read  of  a  like  accident  having  proved  fsital  to 
ttore  ttian  twenty  people,  who  had  the  curiosity  to  look  into  the 
crater  of  the  Monte  Nuovo,  near  Pozzuoli,  a  few  days  after  its  for- 
aiation,  in  the  year  1538.  The  15th  of  August,  I  saw  a  sudden 
explosion  of  smoke  and  ashes^  thrown  to  an  extreme  height  out  of 
the  great  crater  of  Vesuvius,  that  must  have  destroyed  any  one 
•ivithin  hplf  a  mile  of  it;  and  yet  on  the  Ipth  of  July  a  party  nc^ 
4>nly  had  visited  that  crater,  but  had  descended  170  feet  within  it. 
•Whilst  we  were  on  the  mountain,  two  whirlwinds,  exactly  like  those 
that  form  water-spouts  at  sea,  made  their  appearance ;  and  one  of 
them  that  was  very  near  us  made  a  strange  rnshing  noise,  and  having 
taken  up  a  great  quantity  of  fine  aslies,  formed  them  into  an  ele- 
vated spiral  column,  which,  with  a  whirling  motion  and  great 
jrapidity,  was  carried  towards  the  mountain  of  Somma,  wher«  it 
broke  and  was  dispersed.  As  there  were  evident  signs  of  an  abun- 
dance of  electricity  in  the  air  at  this  time,  I  have  no  doubt  of  this 
having  been  also  an  electrical  operation.  One  of  my  servants,  em* 
ployed  in  collectuig  of  sulphur,  or  sal  ammoniac,  which  crystallizes 
near  the  fumaroR,  as  they  ar^  called  here  (and  which  are  the  spots 
from  wlience  the  hot  vapour  issues  out  of  the  fresh  lava),  fbnnd  to 
bis  great  surprise  an  exceeding  cold  wind  issue  from  a  fissure  very 
near  the  botykiiMivtt/s abovemeiitioneil  upov^iis  leg;  I  put  my  hand 
to  the  spot,  and  found  the  same ;  but  it  did  not  surprise  roe,  as  before 
on  Mount  Vesuvius,  on  the  mountain  of  Sonmia,  on  Mount  Etna, 
and  in  the  island  of  Ischia,  I  had  met  with,  on  particuhur  spots,  the 
like  currents  of  extreme  cold  air  issuing  from  beneath  the  ancient 
lavas,  and  which,  being  constant  to  those  spots,  are  known  by  the 
name  of  veiilorti/t.  In  a  vineyard  not  in  the  same  line  with  the  new- 
formed  mountains  just  described,  but  in  a  right  line  from  them,  at 
the  distance  of  little  more  than  a  mile  from  Torre  del  Grtco,  are 
three  or  four  more  of  these  new-formed  mountains  with  craters,  ouf 
«f  which  the  lava  flowed,  and  by  uniting  with  the  streams  that  camt 
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from  the  higher  mouths,  and  adding  to  their  Imt  and  floiditj, 
enabled  the  whole  curieot  to  make  so  rapid  a  progfaa  over  the  m* 
fortunate  town,  as  scarcely  to  allow  its  inhabitants  sofliciet  tine  to 
escape  with  their  lives.  The  rich  Tineyarda  belonging  to  tbe  Tone 
del  Greco,  and  which  produced  the  good  wine  called  L&erimt 
Ckrulji,  that  have  been  buried,  and  are  totally  destroyed  bj  this 
lava,  consisted,  as  1  have  been  informed,  of  more  than  tluce  thon- 
saud  acres ;  but  the  destruction  of  the  vineyards  by  the  lomaCa  of 
mud  and  water  at  the  foot  of  the  mountaki  of  Somaia,isBMiA  hmk 
extensive. 

I  visited  that  part  of  the  country  also  a  few  days  after  I  had  been 
on  Vesuvius,  not  being  willing  to  rdate  to  yon  any  one  circamstanee 
of  the  late  formidable  eruption  but  what  I  had  reason  to  believe 
was  founded  on  truth.  The  forst  signs  of  a  torrent  that  I  fier  witfa^ 
was  near  the  village  of  the  Madonna  dell*  Arco,  and  I  passed  several 
others  between  that  and  the  town  of  Ottaiano;  the  one 
Trochia,  and  two  near  the  town  of  Somma,  were  the  most 
derable,  and  not  less  than  a  quarter  of  a  mile  in  breadtk;  and  as 
several  eye-witnesses  assured  me  on  the  spot,  were,  when  they  poured 
down  from  the  mountain  of  Somma,  from  twenty  to  thirty  feet 
high ;  it  was  a  liquid  glutinous  mud,  composed  of  seorise^  ashei^ 
stones  (some  of  which  of  an  enormous  size)  mixed  with  trees  that 
had  been  torn  up  by  the  roots.  Such  torrents,  as  you  may  well  im^ 
gine,  were  irresistible,  and  carried  all  before  them ;  houites,  walls, 
trees,  and,  as  they  told  me,  not  less  than  four  thousand  sheep  and 
other  cattle,  had  been  swept  off  by  the  several  torrents  on  that  side 
of  the  mountain.  At  Somma  they  likewise  told  me  that  a  team  of 
eight  oxen,  that  were  drawing  a  large  timber  tree,  bad  been  carried 
off  from  thence,  and  never  were  more  beard  of. 

The  a(^arance  of  tiiese  torrents,  when  I  saw  them,  wasUke  that 
of  all  other  torrents  In  mountainous  countries,  except  that  what  had 
been  mud  was  become  a  perfect  cement,  on  which  nothing  less  than 
a  pick-axe  could  make  any  impression.  The  vineyards  and  culti- 
vated lands  were  here  much  more  ruined;  and  the  limbs  of  the 
trees  much  more  torn  by  the  weight  of  the  ashes,  than  those  which 
I  have  already  described  on  the  sea  side  of  the  volcano^ 

The  Abb^  Tata,  in  his  printed  account  of  thb  eruption,  has  given 
a  good  idea  of  the  abundance,  the  great  weight,  and  gintineas 
quality  of  these  asbesy  when  he  says  that  having  taken  a  bnuKh 
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from  a  fig-tree  still  standtog  near  the  town  of  Somma,  on  which 
were  only  six  leaves,  and  two  little  nnripe  figs>  and  having  weighed 
it  with  the  ashes  attached  to  it,  he  found  it  to  be  thirty-one  ounces ; 
when  having  washed  off  the  volcanic  matter,  it  scarcely  weighed 
three  ounces* 

I  /nw  several  houses  on  the  road,  in  my  way  to  the  town  of 
Sorama,  with  their  roots  beaten  in  by  the  weight  of  the  ashes.    In 
the  town  of  Somma,  I  found  four  churches  and  about  seventy  houses 
without  roofs,  and  full  of  ashes.    The  great  damage  on  thb  side  of 
the  mountain,  by  the  fall  of  the  ashes  and  the  torrents,  happened  on 
the  18th,  19th,  and  20th  of  June,  and  on  the  12th  of  July.   I  heard 
but  of  three  lives  that  had  been  lost  at  Somma  by  the  fall  of  a  house. 
The  19th>  the  ashes  fell  so  thick  at  Sonuna  (as  they  told  me  there), 
that  unless  a  person  kept  in  motion,  h^  was«oon  fixed  to  the  ground 
by  them.    This  fall  of  ashes  was  accompanied  also  with  loud  re- 
ports, and  frequent  fladies  of  the  volcanic  lightning,  so  that,  sur- 
rounded by  so  many  horrors,  it  was  impossible  for  the  inhabitants 
to  remain  in  the  town,  aod  they  all  fled ;  the  darkness  was  such, 
although  it  was  mid-day,  that  even  with  the  help  of  torches  it  was 
scarcely  possible  to  keep  in  the  high  road ;  in  short,  what  they  de- 
cribed  to  me  was  exactly  what  Pliny  the  younger  and  his  mother  had 
experienced  at  Misemim  during  the  eruption  of  Vesuvius  in  the 
reign  of  Titos,  according  to  his  second  letter  to  Tacitus  on  that 
sutgect    I  found  that  the  majority  of  people  here  were  convmced 
that  the  tdhvnts  of  mud  and  water,  that  had  done  them  so  much 
mischief,  came  out  of  th^  crater  of  Vesuvius,  and  that  it  was  sea- 
water  ;  but  there  cannot  be  any  doubt  of  those  floods  having  been 
occasiooed  by  the  sadden  dissolution  of  watery  clouds  mixed  with 
ashes,  the  air  perhaps  having  been  too  much  rarefied  to  support 
them ;  and  when  such  clouds  broke  and  fell  heavily  on  Vesuvius, 
the  water  not  being  able  to  penetrate  as  usual  into  the  pores  of  the 
earth)  which  were  then  filled  up  with  the  fine  ashes  of  a  bituminous 
and  oily  quality,  nor  having  free  access  to  the  channels  which  usu« 
ally  carried  ^t  off,  accumulated  in  pools,  and  mixing  with  more 
ashes,  rose  to  a  great  height,  and  at  length  forced  its  way  through 
new  channels,  and  came  down  in  torrents  over  countries  where  it 
was  least  expected,  and  spread  itself  over  the  fertile  lands  at  the 
foot  of  the  mountain.    From  what  I  have  seen  lately,  1  b^n  to 
doubt  very  much  if  the  water,  by  which  so  much  damage  iras 
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iloDe,  and  «>  msay  lives  were  lost  during  the  terrible  ernptioa  of 
Vesuviui  in  l63I,  did  teMy,  hs  was  generally  supposed,  carae  ost 
of  the  crater  of  lite  Tokano:  semiincDls  were  divided  tlien,  as  the; 
■re  now,  ou  that  subject ;  and  ciiice  iu  all  great  erupi  ioas  tlie  ctaler 
of  (he  volcano  must  be  obscured  by  tlie  clouds  ot'  ai<hes,  a*  it  pro- 
bably was  ihen,  and  certainly  was  during  Uie  violeocc  of  tiie  laU 
eruption,  Iberefore  it  must  be  very  dilficull  to  ascertain  eiaclly  from 
whence  that  water  came.  Tlie  more  extraordinary  a  circuuistdoce 
is,  the  more  it  oppean  lo  be  tlie  common  desire  that  it  should  be 
credited  ;  from  tliis  principle,  one  of  his  Sicilian  Unjesty's  gaideaen 
of  Portict,  went  up  lo  the  crsti'r  of  Vesuvius  as  soun  as  it  was  prac- 
ticable, and  came  down  in  a  great  fright,  declaring  that  lie  hail  seen 
k  full  of  boiling  water.  Tlie  Chcvaliir  Macedoiiio,  intendanl  of 
Port ici,  judged  very  properly,  that  to  put  an  end  tu  the  alarm  (bts 
Jt^rt  had  ^read  over  the  coiuilry,  it  Nvas  necessary  to  seitd  up 
.people  be  could  Inut,  and  on  wliose  veracity  lie  ini<;til  dipeud. 
Accordiugly  the  next  day,  wliich  was  the  iGilii  of  July,  Signor 
Ouiseppe  Sacco  went  yip,  well  attended,  and  proved  ibe  gardener's 
•uertiou  to  be  absolutely  false,  there  Jieing  only  toate  Uttle  aigni  sf 
nudfrom  a  deposition  of  the  rain  water  at  the  bottom  of  the  crater. 
According  to  Sacco's  account,  which  Uai  been  printed  at  Najrici,  the 
enter  is  of  an  irregular  oval  form,  and,  as  he  siqipoMi  (fiot  baving 
l>ceD  able  to  measure  ill  of  about  a  mile  and  a  half  in  drcu^ 
ference ;  by  my  eye  I  should  judge  it  lo  be  more :  tbe  inside^  as 
usual,  ill  tbe  shape  of  an  iuveried  cone,  tbe  inner  walls  of  which  on 
the  eastern  side  are  perpendicular  ;  but  on  the  western  side  of  the 
crater,  which  is  much  lower,  the  descent  was  pracu'cable,  and 
Sacco  with  some  of  bis  companions  actually  went  down  J/fi  palms, 
from  which  spot,  iiaviug  lowered  a  cord  with  a  stone  tied  to  it,  they 
found  tbe  whole  depth  of  Ihe  crater  to  be  about  600  palms.  But 
■uch  observations  on  the  crater  of  Vesuvius  are  of  little  consequence, 
as  both  its  form  and  apparent  ilepth  are  subject  to  great  alterations 
from  day  to  day.  These  curious  observers  certainly  ran  some  risk 
at  that  time,  since  which  such  a  quantity  of  scoriae  and  asbes  have 
)tetu  tliruwn  up  from  the  crater,  and  even  so  lately  as  tbe  lith  of 
this  month,  as  must  have  proved  Utal  to  ai^  one  wilhin  their 
reach. 

The  33d  of  July,  one  of  the  new  craters,  which  is  tbe  aeaiat  to 
ike  toma  of  Tone  del  Orcco,  tbitw  up  both  ^fire  and  aKofce,.wUsh 
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circumstance,  added  to  that  of  the  lava's  retaining  its  heat  much 
longer  than  usual,  seems  to  indicate  that  there  may  still  be  some  fer- 
mentation under  that  part  of  the  volcano.  Tiie  lava  in  cooling 
often  cracks,  and  causes  a  loud  explosion,  just  as  the  ice  does  in  the 
Glaciers  in  Switserland  ;  such  reports  are  frequently  heard  now  at 
the  Torre  del  Greco ;  and  as  some  of  the  inhabitants  told  me,  they 
often  see  a  vapour  issue  from  the  body  of  the  lava,  and  taking  fire  in 
the  air,  fall  like  those  meteors  vulgarly  called  falling  stars. 

The  darkuey  occasioned  by  the  fall  of  the  ashes  in  the  Campagna 
Felice  extended  itself,  and  varied,  according  to  the  prevailing  winds. 
On  the  19th  of  June  it  was  so  dark  at  Caserta,  which  is  fiAeen  miles 
from  Naples,  as  to  oblige  the  inhabitants  to  light  candles  at  mid*day ; 
and  one  day  during  the  eruption,  the  darkness  spread  over  Bene* 
vento,  which  is  thirty  miles  from  Vesuvius. 

The  Archbishop  of  Taranto,  in  a  letter  to  Naples,  and  dated  from 
that  city  the  18th  of  June»  saidy  "  We  are  involved  in  a  thick  cloud 
of  minute  volcanic  ashes,  and  we  imagine  that  there  must  be  a  great 
eruption  either  of  Mount  Etna,  or  of  Stromboli.*'  The  bishop  did 
not  dream  of  their  having  proceeded  from  Vesuvius,  which  is  about 
250  miles  from  Tanmto.  We  have  had  accounts  also  of  the  fisll  of 
the  ashes  during  the  late  eruption  at  the  very  extremity  of  the  pro« 
vince  of  Lecee,  which  is  still  farther  off;  and  we  have  l>een  assured 
likewise,  that  those  clouds  were  replete  with  electrical  matter :  at 
Martino,  near  Taranto,  a  boose  was  struck  and  much  damaged  by 
the  lightning  from  one  of  these  clouds.  In  the  accounts  of  the  great 
Irruption  of  Vesunius  in  1631,  mention  is  made  of  the  extensive 
fMTogress  of  the  ashes  from  Vesuvius,  and  of  tiie  damage  done 
hy  the  Jerilli,  or  volcanic  lightning,  which  attended  them  in  their 
course. 

I  must  here  mention  a  very  extraordinary  circumstance  indeed, 
that  happeneil  near  Sienna  in  the  Tuscan  state,  about  eighteen  hours 
afler  the  commencement  of  the  late  eruption  of  Vesuvius  on  the 
15th  of  June,  although  that  phenomenon  may  have  no  relation  to 
the  eruption  ;  and  which  was  communicated  to  now  in  the  following 
words  by  the  Earl  of  Bristol,  bishop  of  Derry,  ina  tetter  dated  from 
Sienna,  July  lath,  1794 :  '*  In  the  midst  of  a  most  violent  tfatmderi 
storm,  about  a  dosen  stones  of  various  weights  and  dimensions  f^U 
at  the  feet  of  different  people,  men,  wom^,  and  children;  the 
•tMiesare  of  a  quality  not  fouod  fb  any  ptrt  6f  the  Sienneae  tenui 
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tofy ;  they  fell  about  eighteen  boon  after  the  enonnona  enqptioB  if 
Vesuviut,  which  circimutanoe  leaves  m  eboice  of  difieultiea  in  tk 
iolatioa  of  this  extraonUnary  phanomeiioD :  either  thcK  alaaei 
have  been  genetated  in  thb  igneous  mass  of  elondi»  which  pfodaeed 
such  unusual  thunder^  or>  which  is  equally  inciedibkv  tiiqr  me 
thrown  from  Vesuvhu  at  a  distance  of  at  least  9^  miles;  jadgt 
then  of  its  parabola.  The  phOosophers  here  iadme  to  the  first 
solution.  I  wish  much.  So*,  to  know  your  sentiments.  Mj  lint 
olitjection  was  to  the  fact  itself;  but  of  thb  there  w  ao  amny  eye- 
witnesses,  it  seems  impossible  to  withstand  their  efidencet  and  now 
I  am  tednoed  to  a  perfect  scepticism.*'  His  lordsUp  was  pleased 
to  send  me  a  piece  of  one  of  the  largest  stones,  which  when  eotm, 
weighed  upwards  of  five  yoonds ;  1  haie  seen  anotherthat  has  been 
feiit  |o  Naples  entire,  and  weighs  about  one  pound*.  The  outside 
of  every  stone  that  has  been  found,  and  has  been  nimitiioed  to  have 
ftllen  from  the  cloud  near  Sienna,  is  evidently  fraUj  vitrified,  and 
b  black,  having  every  sign  of  having  passed  through  «i  citfeflM 
heat;  when  broken,  the  inside  b  of  a  Ught-grsy  ooUhut  mned  with 
black  spots,  and  some  shininf  particles,  which  dm  learned  here  have 
d^pided  to  be  pyrites,  and  therefore  it  cannot  be  a  hiva,  or  they 
would  have  been  decomposed.  Stones  of  the  same  mitore,  at  kmt 
a5  far  as  the  eye  can  judge  of  them,  are  frequently  ffMod  on  Ifooat 
Vesuvius ;  and  when  1  was  on  the  mountain  lately,  I  searched  fiir 
such  stones  near  the  new  mouths,  but  as  the  soil  round  them  has 
been  covered  with  a  thick  bed  of  fiiie  ashes,  whatever  was  thrown 
up  during  the  force  of  the  eruption  lies  buried  under  those  ashes. 
Should  we  find  similar  stones  with  the  same  vitrified  coat  on  fhem 
on  Mount  Vesuvius,  as  I  told  U>rd  Bristol  in  my  answer  to  lijs  letter, 
the  question  would  be  decided  in  favour  of  Vesufins ;  unless  It 
could  be  proved  that  there  had  been,  about  the  time  of  the  fall  of 
these  stones  in  the  Sanese  territory,  somis  nearer  opening  of  the 
earth,  attended  with  an  emission  of  volcanic  matter,  which  might 
very  well  be,  as  the  mountain  of  Badicofani,  within  fifty  miles  of 
Sienna,  is  certainly  volcanic.  I  mentioned  to  bb  loirddiip  anothtr 
idea  that  struck  me.  As  we  have  proofii  during  the  late  eruption 
of  a  quantity  of  ashes  of  Vesuvius  having  been  carried  to  a  greater 
dbtance  than  where  the  stones  fell  m  the  Sanese  territory,  might  not 
the  same  ashes  have  been  carried  over  the  Sanese  territory,  and 
mixing  vjth  a  stormy  ck>ud,  have  been  collected  together  just  as 
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haiktoDes  are  sometiiiies  into  lumps  of  ice,  in  which  shape  they 
&11  $  and  might  not  the  exterior  vitrification  of  those  lamps  of  ao- 
ciimulated  and  hardened  vokanic  matter  have  been  occasioned  by 
the  action  of  the  electric  flaid  onthemi  The  celebrated  Father  Am- 
brogio  Soldani,  professor  of  mathemaitics  in  the  university  of  Sienna^ 
.is  printing  there  his  dissertation  upon  thb  extraordinary,  phenome- 
non ;  wherein,  as  I  have  been  assured,  he  has  decided  that  those 
stones  were  generated  in  the  air  independently  of  volcanic  assist- 
.anoe. 

Until  after  the  7th  of  July,  when  the  last  cloud  broke  over  Ve- 
suvius, and  formed  a  tremendous  torrent  of  mud,  which  took  its 
coune  across  the  great  road  between  Torre  del  Qreco  and  the  Torre 
dell'  Annnnaiata,  and  destroyed  many  vineyards,  the  late  eruption 
could  not  be  said  to  have  finislied>  although  the  force  of  it  was  over 
the  22d  of  June,  smce  which  time  the  crater  has  been  usually  vis3>le. 
The  power  of  attractioo  in  mountams  b  well  known ;  but  whether 
the  attractive  power  of  a  volcanic  mountain  be  greater  than  that  of 
any  other  mountains  b  a  question :  all  I  can  say  is>  that  during  this 
last  eruption  evesy  watery  dottd  has  been  evidently  attracted  by  Ve- 
suvius, and  the  sudden  dissolution  of  those  clouds  has  lefl  such 
marks  of  their  destructive  power  on  the  face  of  the  countiy  all 
round  the  basis  of  the  volcano  as  will  not  soon  be  erased.  Since  the 
mouth  of  Vesuvius  has  been  enlarged,  I  have  seen  a  great  cloud 
passing  over  it,  and  which  not  oqfy  was  attracted,  but  was  sucked 
in,  and  disappeared  in  m  moment. 

After  every  violeiU  eruption  of  Mount  Vesuvius,  we  read  of  da« 
mage  done  by  m  mepUtic  vapour,  which  coming  from  under  the 
ancient  lavas,  insinuates  itself  into  low  places,  such  as  the  cellars 
and  wells  of  the  houses  situated  at  the  foot  of  the  volcano.  After 
the  eruption  of  17G7, 1  remember  that  there  were  several  instances, 
as  in  thb,  of  people  gdng  into  their  cellars  at  Portici,  and  other 
parts  of  that  neighbourhood,  having  been  struck  down  by  this  va- 
pour, and  who  would  have  expired  if  they  had  not  been  hastily 
removed.  These  occasional  vapours,  and  which  are  called  here 
mtfeie,  are  of  the  same  quality  as  that  permanent  one  in  the  Orottft 
del  Cane,  near  the  lake  of  Agnano,  and  which  has  been  proved  to 
be  chiefly  fixed  air.  The  vapours,  that  in  the  volcanic  language  of 
this  country  are  caUedykmoro^  are  of  another  nature,  and  issue  finom 
spots  all  overtbe  finesh  and  hot  lavas  whilst  they  are  cooUng;  they 
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ure  sulphureous  and  suffocating,  so  much  so  that  often  the  bM 
tliat  are  flying  over  them  are  overpowered,  and  tail  dovm  dead;  4 
which  we  have  had  many  examples  during  this  eraptum,  particufarif 
of  wood  pigeons,  that  nave  been  found  dead  on  the  lava.  That 
vapours  deposit  a  crust  of  sulphur,  or  salts,  particularly  of  sal  •» 
moniac,  on  the  scortSB  of  the  lava  through  which  thcj  pass;  ami  Ck 
small  crystals  of  which  they  are  composed  are  often  tingled  with  f 
deep  or  |)ale  yellow,  with  a  bright  red  like  dmiabary  and  ibmcfioMi 
with  green,  or  an  azure  blue.  Su)ce  the  late  eruptioo^  maojp  pieces 
of  the  scoriae  of  the  freslTlava  have  been  found  poadetad  with  i  ^ 
lucid  substance,  exactly  like  the  brightest  sted  oi^  ifoa  iHngs. 

Tlie  first  appearance  of  the  mofeie,  after  the  late  emptiooy 
on  the  17th  of  June,  when  a  peasant  going  with  an  iai  to  his  viae- 
yard,  a  little  above  the  village  of  Resina,  in  a  narrow  hollow  way, 
the  ass  dropped  down,  and  seemed  to  be  expiring;  4iie  peasant  w» 
soon  sensible  of  the  mephitic  vapoor  himself,  and  wcA  knowing  its 
fatal  efiects,  dragged  th|.e  animal  out  of  its  intuence,  and  itaoon  re- 
covered.   From  that  time  these  vapotirs  have  gr^tlj  incieaaed,  and 
extended  themselves.    There  are  to  this  day  mii^cellan  and  wells, 
all  the  way  from  Portici  to  Torre  dell'  Atmanaiata,  greatly  aAeted 
by  them.   This  heavy  vapour,  when  exposed  to  the  open  air,  does 
Hot  rise  much  more  than  a  foot  above  the  snrfiice  of  the  earthy  bat 
when  it  gets  into  a  confined  place,  hke  a  cellar  or  well,  it  rises  and 
fills  them  as  any  other  fluid  would  do;  having  filled  a  well,  it  rnes 
above  it  about  a  foot  high,  aud  then  bendmgover,  fidls  to  the  earth, 
on  which  it  spreads,  always  preserving  its  usual  level.     Wherever 
this  vapour  issues,  a  wavering  in  the  air  is  perceptible,  hke  that 
which  is  produced  by  the  burning  of  charcoal;  and  when  it  issues 
from  a  fissure  near  any  plants  or  vegetables,  the  leaves  of  those  plants 
are  seen  to  move,  as  if  they  were  agitated  by  a  gentle  wind.     It  is 
extraordinary,  that  although  there  does  not  appeac  to  be  any  poi- 
sonous quality  in  this  vapour,  which  in  every  respect  resembles  fixed 
air,  it  should  prove  so  very  fatal  to  the  vineyards,  some  thoiisaad 
acres  of  which  have  been  destroyed  by  it  since  the  late  eruptioB ; 
when  it  penetrates  to  the  roots  of  the  vines,  it  dries  them  up,  aad 
kills  the  plant.     A  peasant  in  the  neighbourhood  of  Resina  bavng 
suffered  by  the  mofete,  which  destroyed  his  vineyards  in  the  year 
1767,  and  having  observed  then  that  the  vapour  followed  the  hnr& 
of  all  fluids,  made  a  narrow  deep  ditch  all  round  his  vineyard,  wfckk 
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communicated  with  ancient  lavas,  and  also  to  a  deep  cavern  under 
one  of  them ;  the  consequence  of  his  weil-reasoned-operation  has 
been,  that  although  surrounded  at  present  by  these  noxious  vapours, 
and  which  lie  constantly  at  the  bottom  of  his  ditch,  they  have  never 
entered  his  vineyard,  and  his  vines  are  now  in  a  flourishing  state, 
whilst  those  of  his  neighbours  are  perishing.  Upwards  of  thirteen 
hundred  hares,  and  may  pheasants  and  partridges,  overtaken  by  this 
vapour,  have  been  found  dead  within  his  Sicilian  majesty's  reserved 
chases  in  the  neighbourhood  of  Vesuvius ;  and  also  many  domestic 
cats,  who  in  their  pursuit  after  this  game,  fell  victims  to  the  mqfeie* 
A  few  days  ago  a  shoal  of  fish,  of  several  hundred  weight,  having 
been  observed  by  some  fishermen'  at  Resina  in  great  agitation  on  the 
surface  of  the  sea,  near  some  rocks  of  an  aucient  lava  that  had  run 
into  the  sea,  they  surrounded  them  with  their  nets,  and  took  them 
all  with  ease,  and' afterwards  discovered  that  they  had  been  stunned 
by  tlie  mephitic  vapour,  which  at  tluit  time  issued  forcibly  from  un* 
demeath  the  ancient  lava  into  the  sea.  I  have  been  assured  by 
many  fishermen,  that  during  the  force  of  the  late  eruption  the  fish 
bad  totally  abanioned  tlie  coast  from  Portici  to  the  Torre  dell' 
Annunziata,  and  that  they  could  not  take  one  in  their  nets  nearer 
the  shore  than  two  miles.  The  divers  there,  who  fish  for  the 
ancini  (which  we  call  sea-eggs)  and  other  shell  fish,  likewise  told  me, 
that  for  the  space  of  a  mile  from  that  shore,  since  the  eruption,  they 
have  found  all  the  fish  dead  in  theur  shells,  as  they  suppose  4ither 
from  the  heat  of  the  sand  at  the  bottom  of  the  sea,  or  from  poison- 
ons  vapours.  The  divers  at  Naples  complain  of  their  finding  also 
Bsany  of  these  shell  fish,  or  as  they  are  called  here  in  general  terms 
firuiii  di  mare,  dead  in  their  shells. 

I  thought  that  'these  little  well  attested  fiicts  might  contribute  to 
show  the  great  force  of  the  wonderful  chemical  operation  of  nature 
that  has  lately  been  exhibited  here.  The  mofiiie,  or  fixed-air  va- 
pours, most  certainly  have  been  generated  by  the  action  of  the 
vitriolic  acid  upon  the  calcareous  earth,  as  both  abound  in  Vesuvius. 
The  sublimatioos,  which  are  visibly  operating  by  the  chemistry  of 
aature  all  along  the  course  of  the  last  lava  that^ran  from  Vesnvhis, 
and  particularly  in.  and  about  the  new  meutbs  that  have  been  formed 
by  the  late  eruption  on  the  flanks  of  the  volcano,  having  been  ana- 
lysed by  SigBor  Donenko  Tomaso,  an  ingenious  chemist  of  Naples, 
and  whose  experimentSi  and  the  result  of  them,  are  now  published. 
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tiat«  been  foood  to  be  chiefly  lal  amrntmiir,  nixed  with  m 
qaantttj  of  the  caU  of  iron:  bat  not  to  betngf  my  %Bonuiee 
this  mljectt  and  pretending  to  nothing  BMin  ttmn  tim  beinf 
eaact  ooukur  obftenret»  I  refer  yod  to  the  work  itiel^  wliaeh 
paniea  thii  letter.  Ifany  hundred  ivcight  of  the  VcfimaB  aal  naih 
moniM  have  been  cMlected'on  the  mdontain  mee  tiM  hUo  e'lnptiiin 
by  tliepeatants^  andiold  atNapkatotheicfinenofmctabi  ntfnt 
it  waisold  for  about  rixpence  a  pound,  hot,  framiti  abnodaae^  the 
price  is  now  reduced  to  half  that  money ;  andannchgicnlcrqoaB* 
tity  must  have  escaped  in  the  air  by  efapoiatioB« 

The  situation  of  Mount  Vesuvius  so  near  a  great  capital,  and  the 
facility  of  approaching  it,  has  certiinly  aflbrded  more  oppoitmnties 
of  watching  the  operations  of  an  active  volcano,  and  of  maki^[  ob» 
servations  upon  it,  than  any  other  tokano  on  the  face  of  tiie  earth 
has  allowed  of.  The  Vesuvian  Diary^  which  by  my  care  Ins  now 
been  kept  with  great  ekactuess,  and  without  interruption  lor  more 
than  fifleen  years,  by  the  worthy  and  ingenious  Ptadie  Antoido 
Piaggi,  as  mentioned  in  the  beginniqg  of  this  letter,  and  wUdi  it  is 
my  intention  to  deposit  in  the  library  of  the  Royil  Society,  will  also 
throw  a  great  light  upon  this  curious  subject.  But  as  tbm  is  every 
reason  to  believe,  with  Seneca  *,  that  the  seat  of  tiie  fire  tiiat  causes 
these  eruptions  of  voIcai|9es  is  by  no  means  superficial,  but  liesdeqi 
in  the  boweb  of  the  earth,  and  where  no  eye  can  penetrate^  it  wil, 
I  fear,  be  ever  much  beyond  the  reach  of  the  limited  human  under- 
standing to  account  for  them  with  any  degree  of  accuracy.  There  are 
modem  philosophers  who  propose,  with  as  great  confidence,  the  erect- 
ing of  conductors  to  prevent  the  bad  effects  of  earthquakes  and  vokn- 
noes,  and  who  promise  themselves  the  same  success  as  that  which 
attended  Dr.  Franklin's  conductors  of  lightning;  Ar,  as  they  say,  all 
proceed  from  one  and  the  same  cause,  electricity.  YHien  we  reflect 
how  many  parts  of  the  earth  already  inhabited  have  evklently  been 
thrown  up  from  the  bottom  of  the  sea  by  volcanic  eiqplosions,  and 
the  probability  of  there  being  a  much  greater  portion  under  the 
same  predicament,  as  yet  unexplored,  the  vain  pretensions  of  weak 
mortals  to  counteract  such  great  operations,  carried  on  sorely  for  the 

■■     ■  ■   ■  ■■   ■  n   ■■       I  ■     ■         .1.  ■  ■ ■ 

•  <(  Non  ipse  ex  se  eit,  sed  in  ftliqna  inferna  fille  cosceptia  i  isKiMt,  tt 
**  alibi  pascituri  im  ipto  mQuU  »aa  mUmentnm  ktikfit  ud  vimm*^ 
EpiBt.  79. 
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Ivisest  purposes  by  the  beneficent  Author  of  uature,  appear  to  me  t6 
be  quite  ridiculous. 

Let  us  then  content  ourselves  tvith  seeing,  as  well  as  we  can,  what 
we  are  permitted  to  See,  in^  reason  upon  It  to  the  best  of  our  limited 
understand irfgs,  well  assured  that  whatever  is,  is  right* 

The  late  sufferers  at  Torre  del  Greco,  dItKough  His  Sicilian  Ma^ 
jesty,  with  his  usiiat  clemency,  offered  them  a  more  secure  spot  td 
rfebuiid  their  town  on,  are  obstinately  employed  in  rebuilding  it  on 
the  late  and  still  smoking  lava  that  covers  their  former  habitations; 
and  there  does  not  appear  to  be  any  situation  more  exposed  to  the 
numerous  dangers  thut:must  attend  the  neighbourhood  of  an  active 
Volcano  than  that  of  T.>rre  del  Greco.'  It  was  totally  destroyed  in 
l6dl ;  and  hi  the  year  1/37  a  dreadtui  lava  ran  within  a  few  yards 
of  one  of  the  gates  of  the  town,  and  now  over  the  middle  of  it ;  ne* 
tertheless,  such  is  the  attachment  of  the  inhabitants  to  their  native 
tpoty  although  attended  with  such  imminent  danger,  that  of  IS.OOO 
not  one  gave  his  vote  to  abandon  it.  When  I  was  in  Calabria^ 
during  the  earthquakes  of  17^3,  I  observed  in  the  Calabrese  the 
same  attachment  to  native  soil ;  some  of  the  towns  that  were  totally 
destroyed  by  the  earthquakes;  and  which  had  been  ill  situated  iii 
every  respect,  and  in  a  bad  air,  were  to  be  rebuilt ;  and  yet  it  re« 
quired  the  authority  of  goVernnifeut  to  oblige  the  inhabitants  of  those 
ruined  towns  to  change  ibcir  situation  for  a  much  better. 

Upon  the  «vhole,  having  read  every  account  of  the  former  erup- 
tions of  Mount  Vesuvius,  i  am  well  convinced  that  this  eruption  was 
by  far  the  most  violent  that  has  been  recorded  after  the  great  erup- 
tions of  79  and  l631,  which  were  undoubtedly  still  more  violent 
and  destructive.  The  same  phendMenod  attended  the  last  eruption 
as  the  two  former  abovemention^d^  but  dn  a  less  scale,  and  without 
the  circumstance  of  tlie  sea  hailing  retired  iVom  the  coast.  T  re- 
marked  more  than  once,  whilst  t  was  in  my  boat,  an  unnsua!  motion 
in  the  sea  during  the  late  eruption.  On  the  18th  of  June  I  observed, 
and  so  did  my  boatman,  that  althoogh  it  was  a  perfect  calm,  the 
waves  suddenly  rose  and  dashed  against  the  shore,  causing  a  while 
foam,  but  which  subsided  in  a  few  minutes.  On  the  ]5th,  the  night 
of  the  great  eruption,  the  corks  that  support  the  nets  of  the  royal 
tunny  fisliery  at  Portici,  and  which  osually  float  upon  the  surface  of 
the  sea,  were  suddenly  drawn  under  water,  and  remained  so  for  a 
short  space  of  timei  wbicb  kidieates,  that  either  there  must  have 

VOL.  u  2d 
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been  at  tliat  time  a  swell  in  the  sea,  or  m  depreauoa  or  sinking  %{ 
the  earth  under  it. 

From  what  we  have  seen  lately  here/  aad  from  what  we  roMi  of 
former  eruptions  of  Vesoviusi  and  of  other  aeti?e  ▼dcanoes,  Ibcir 
neighbourhood  must  atuays  be  attended  with  danger;  with  fbii 
consideration,  the  vtry  numerous  population  at  th^  foot  ai  Vesovius 
is  remarkable  From  Naples  to  Castel«a*inare,  alKNit  Meeo'  miles^ 
is  so  thickly  spread  with  hoose^  as  to  be  nearly  ane  contioiied 
street,  add  on  the  Somma  side  of  the  vokano*  the  towns  and  Tillages 
are  scarcely  a  mile  from  one  another f  so  that  for  thirty  milea^ 
which  is  the  extent  of  the  basis  of  Mount  Vesuvins  and  Somma,  the 
population  may  be  perhaps  more  numerous  than  that  of  any  spot 
of  a  like  extent  in  Europe,  in  spite  of  the  variety  of  dan^lM  atfeiido 
ing  such  a  situation. 

With  the  help  of  the  drawings  that  accompany  this  aceoonf  of  the 
late  eruption  of  Vesuvius,  and  which  1  can  assure  you  to  be  ftithfiil 
representations  of  what  we  have  seen,  I  flatter  myself  I  shall  have 
enabled  you  to  have  a  clear  idea  of  it ;  aud  I  flatter  myself  alsoy 
that  the  communication  of  such  a  variety  of  well  attested  pbmo-' 
mena  as  have  attended  this  formidable  eruption,  may  not  only  prove 
acceptable^  but  useful  to  the  curious  in  natural  hiitoiy. 

In  a  subsequent  letter  from  Sir  WifliaAi  Haftaulton  to  Sir  Joseph 
Banks,  dated  Castel-a-mare,  anciently  Stabise,  Sept,  2,  1794,  are 
the  two  following  reiparks,  to  be  added  to  this  paper. 

1.  Within  a  mile  of  this  place  the  fnofete  ar?  still  very  active^  and 
particularly  under  the  spot  where  the  ancient  town  of  Stabim  was 
situated.  The  24th  of  August,  a  yoiyig  lad  by  accident  iklling  into 
a  well  there  that  was  dryir  but  full  of  the  mephitic  vapour,  was  im- 
mediately suffocated ;  there  were  no  signs  of  any  hurt  from  the  fall, 
as  the  well  was  shallow.  This  circumstance  called  to  my  mind  the 
death  of  the  elder  Pliny,  who  most  probably  lost  his  life  by  the 
same  sort  of  mephitic  vapours,  on  this  very  spoti  and  which  are 
active  after  great  eruptions  of  Vesuvms. 

2.  Mr.  James,  a  British  merchant,  who  now  lives  in  this  neigh- 
bourhood, assured  me  that  on  Tuesday  night,  the  17th  of  Juae^ 
which  was  the  third  day  after  the  eruption  of  Mount  Veiovius,  k 
was  m  a  boat  with  a  sail,  n^r  Torre  del  Greco,  when  the  aJniite 
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tohes,  80  often  mentioned  in  my  letter,  fell  thick ;  and  that  in  the 
dark  they;emitted  a  pale  light  like  phosphorus,  so  that  his  hat,  those 
of  the  boatmen,  and  the  piart  of  the  sails  that  were  covered  with  the 
ashes,  were  luminous.  Others  have  mentioned  to  me  the  having 
seen  a  phosphoric  light  on  Vesuvius  after  thb  eruption  t  hut  until  it 
was  confirmed  to  me  by  Mr.  JameS|  I  did  not  choose  to  say  any 
thing  about  it. 

IPhil.  Trans.  1795.] 

CHAP.  X. 

kTNA    AND    ITS    ERUPTIONS. 


w. 


^BCT.  I. — General  History. 


B  have  purposely  dwelt  with  cotisiderable  itiinuten^  upon  the 
volcanic  phtenomena  of  Vesuvius  id  the  preceding  chapter,  not  only 
because  they  have  been  more  explicitly  detailed  than  those  of  any 
similar  mountain,  but  that  we  might  bring  the  history  of  this  clas^ 
of  natural  wonders  as  much  as  possible  into  one  form.  In  the  vol* 
canoes  which  we.  shall  yet  think  it  our  duty  to  describe,  we  shall  en- 
deavour to  confine  ourselves  to  the  peculiar  and  prominent  features 
by  which  every  one  is  distinguished  from  every  other. 

Etna  is  the  most  striking  phaenomenon  of  the  island  of  Sicily;  and 
though  less  Arequently  delineated  than  Vesuvius;  is  so  much  more 
gigantk,  that  the  latter,  if  pladed  by  the  side  of  it,  would  seem 
nothing  more  than  a  small  ejected  hilli  and  b  in  fact  not  longer 
than  several  of  the  mountams  by  which  it  is  surrounded.  The  whole 
circuit  of  the  base  of  Vesuvius  does  not  exceed  thirty  miles,  while 
Etna  covers  a  space  of  a  hundred  and  eighty  miles,  and  its  height 
above  the  level  of  the  sea  is  computed  at  not  less  than  eleven  thou- 
sand feet ;  and  while  the  kiva  of  the  first  not  oAen  devolves  its  stream 
further  than  to  an  extent  of  seven  miles,  Etna  will  emit  a  liquid 
fire  capable  of  traversing  a  path  of  thirty  miles.  The  crater  of  Ve- 
suvius, moreover,  has  seldom  exceeded  half  a  mile  in  circumference,- 

while  that  of  Etna  is  commonly  three,  and  sometimes  six,  miles. 

The  best  description  of  this  crater,  which  we  have  received  in  our 
own  day,  is  that  given  by  Spalanxani.  According  to  him,  it  forms 
an  oval  extending  from  east  to  west,  inclosed  by  vast  fragments  of 
lava  and  scoria )  the  inner  sides  being  of  various  declinations,  in- 
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crusted  with  oraogecoloured  concretions  of  moriat  of  mmiioiiilt 
tbe  sal  amnioniac  of  the  shops.  Tlie  bottom  is  m  pkin  imHy  hori- 
tontal,  about  two-thirds  of  a  mile  in  cir^mnfereiice/  with  a  hrfjt 
circular  aperture,  giving  vent  to  a  oolunm  of  white  smok^,  below 
which  b  visible  a  liquid  fiery  matter,  like  metal  bdifing  in  a  funacie. 
Such  is  the  height  of  Etna,  that  its  eruptions  rarely  mlteio  iltsoauiitr, 
but  more  usually  break  out  at  its  sides.  Near  the  crater  Jicginitiic 
region  of  perpetual  snow  and  ice ;  which  is  followed  by  a  woody  do* 
main,  consisting  of  va&:  forests  of  oaks,  beeches^  firs  and  ptnei^ 
while  the  areola  of  the  crater  b  almost  destitute  of  vegetatioo.  In 
thb  middle  region  appear  also  chesnut  trees  of  enormous  siae,  one  of 
wbich»  dbtingubhed  by  the  name  of  cenh  eavaUa  (troop  of  horses) 
measures  not  less  than  tW9  kimdreJ  muifaurjeei  in  circumference. 

Etna  b  perhaps  one  of  the  oldest  volcanoes  in  Europe ;  and  though 
less  minutely  described  by  modern  philosophers  and  tiavallets  than 
Vesuvius-,  obtained  far  more  of  the  attention  of  the  Greek  and  Rof> 
man  writers.  The  fire  which  b  so  |)erpetually  bumii^  in  its  bowds 
induced  the  poeb  to  place  in  this  tremendous  cavity  the  ib^es  of  the 
Cyclops,  who  were  placed  under  the  government  of  Vulcan,  and 
the  prison  of  the  giants  who  rebelled  against  Jupiter.  These  fictioBs 
progressively  grew  into  popular  truths  among  the  volgar,  who  re* 
garded  Etna,  in  consequence,  as  the  residence  of  Vulcan,  and  the 
seat  of  hb  empire.  And  hence  they  erected  a  temple  to  him  on  the 
mountain,  in  whicb^  according  to  ^lian,  a  perpetual  fire  was  main- 
tained, in  the  same  maimer  as  in  tbe  temple  of  Vesta,  thb  element 
being  an  appropriate  Vulcanic  symbol. 

Homer  makes  mention  of  Mount  Etna,  but  at  tbe  same  time 
takes  no  notice  of  its  eruptive  power ;  and  hence  there  u  a  strong 
presumptive  proof  that  its  volcanic  properties  were  unknown  at  that 
sera.  Thucydidcs  is  the  earliest  historic  writer  that  alludes  to  these 
phsenomena.  He  enumerates  three  eruptions  of  the  mountain  to* 
wards  tbe  conclusion  of  his  third  book,  one  of  which  he  fixes  at  lour 
hundred  and  seventy-four  years  before  the  birth  of  our  Saviour,  a  se* 
cond  fif^y  y.cars  later,  while  to  the  third  he  assigns  no  date  what- 
ever. Pindar  composed  an  ode  in  tlie  78(h  OlymiNad,  about  four 
or  five  years  after  the  second  eruption,  and  adverted  to  by  Thucy- 
didcs, m  which  he  describes  its  violence,  and  retains  the  popular 
fable  just  alluded  to,  that  Jupiter  had  buried  the  giants  in  its  bowek, 
and. that  thcur  struggle  to  get  Ic^se  was  the  cause  of  the  fieiy  con- 
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motion  ^  Lucretius  has  referred  to  the  volcanic  powers  of  Etna  in 
various  places.  In  his  sixth  book  be  endeavours  more  philosophi* 
catJy  to  account  for  them  ;  and  his  first  describes  the  island  of  Sicily 
so  picturesquely^  and  at  the  same  time  pays  so  elegant  a  compliment 
to  EmpedocleSy  who  was  a  native  of  it,  that  we  cannot  forbear 
quoting  the  passage,  which  is  as  follows^  v.  71 7. 

Quorum  Agragantinus  cum  primis  Empedocles  est ; 
Inmila  qnem  triquetrU  terrarum  {|:r88it  in  oris ; 
4}uam  fluiCans  circum  magnis  amfractibus  aeqnor. 
Ionium  glaucis  adspargit  virus  ab  undis, 
.^lisB  terrarum  oras  a  finibus  ejuj. 
Heic  est  vasta  Charybdis,  et  heic  iEtnea  minanter 
If  urmuraf  flammamm  rursum  se  contigere  iras> 
Faucibui  eruptos  iterum  ut  visevomat  igneis. 
Ad  ccelomque  ferat  flammai  fulgura  rursom. 
QusB  quom  magna  modis  multis  miranda  vidctar 
Geotihus  humanis  regio,  visundaque  fertur, 
Rebus  opima  bonis,  multft  munita  viHim  vi  1 
Nihil  tamen  hoc  habuisse  viro  prsclarius  in  se. 
Nee  sanctum  magis,  et  minim,  canmique,  Tidetur. 
Carmina  qnin  etiam  divini  pectoris  ejus 
Vociferantur,  et  czponnnt  prsclara  reperta  t 
|Jt  viz  bumanfk  videalnr  stirpe  creatns. 

Thus  sungEMPtoocLts,  in  bonett  fiune, 
First  of  his  sect ;  whom  Aoriobntium  bore 
In,clond-capt  Sicily.    The  sinuous  shores, 
Th*  Ionian  main,  with  hoarse  unwearied  wave 
Surrounds,  and  sprinkles,  with  its  briny  dew ; 
And  from  the  &ir  JEouAV  fields  divides 
With  narrow  frith  that  spurns  the  impetuous  surge. 
Here  vast  Cu  artbdis  raves ;  here  iEtna  rears 
Bis  infont  thunders,  his  dread  jaws  unlocks. 
And  heaven  and  earth  with  fiery  ruin  threats^ 
Here  many  a  wonder,  many  a  scene  sublime. 
As  on  he  journeys,  checks  the  traveller's  steps  ( 
And  shews,  at  once,  a  land  in  harvests  rich. 
And  rich  in  sages  of  illustrious  fiune. 
But  nought  so  wondrous,  so  illustrious  nought, 
Bo  fairy  so  pure,  so  lovely  can  it  boast, 
EHPtDOCLti,  as  thou !  whose  song  divine* 
By  all  rehears'd,  so  clears  each  mystic  lore. 
That  scarce  Bianklud  belie  v*d  thee  bora  of  auui.  Good* 


•  Pyth.  Od.  1. 
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Ko  counliy,  indeed,  lias  a  ju'ter  right  to  boast  of  the  meo  o# 
learoing  it  bas  produced  than  ancient  Sicily.  In  proof  of  which  it 
may  lie  sufficient  to  add  lo  the  name  of  Empedoclei,  thOM  of  A»> 
chylus,  Diodorus  Siculus,  Gorgtas,  Euclid,  Archimedes,  Epicbar- 
niiu,  Theocritus.— £rf(/or. 


ChronoJogicaf  Account  of  the  several  Fires  of  Mount  Etna. 

To  pass  \>y  whal  b  related  by  Bcrosus,  Orpheus,  and  other  less 
creiliblc  'dutlmrs,  about  the  erupiioiis  uf  ihis  niouiilaiu,  both  at  the 
lime  of  tlie  ingress  i)t' the  Ionian  colonies  into  Sicily,  and  Ihat  of  the 
Argonuut;  (tvliiuli  l:iir<.T  uas  in  llic  t»elt*tli  age  before  the  ChrisTian 
account ;)  we  b)y.i\\  fust  take  nolire  of  Dial  uhich  happened  at  llie 
lime  ol  llie  t\jn(liiioii  of  jtneas,*  who  licing  terrified  by  llie  fire  of 
tiiis  then  burning  luountaiii,  left  that  ialuiid  ;  vvlicrcof  Virgil,  1.3, 
£iieid,  f^ives  thisnotahle  dtscriplion  — .Eneid  iii. 
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Hiicb  is  about  496  years  before  Christ,  there  was  another  fire,  and 
^boiAt  fifty  years  after,  another. 

Then,  iu  the  time  of  the  Roman  consuls,  there  happened  four 
iftruptious  of  Etna,  recorded  by  Diodorus  SiculuK  and  Poly  bins. 

The  next  was  in  the  time  of  Julius  Caesar,  related  bv  the  said 
Diodorus  to  have  been  so  fierce,  that  tlie  sea  about  Lipara  (an  island 
near  Sicily)  by  its  tenrent  heat  burnt  the  ships,  and  killed  all  fishes 
thereabout. 

Another  we  read  of  in  the  reign  of  Caligula,  about  forty  years  after 
Christ,  which  was  so  dreadful,  that  it  made  that  Emperor,  who 
was  then  in  Sicily,  to  fly  for  it. 

About  the  martyrdom  of  the  Romish  St.  Agatha,  it  burned  again 
very  fiercely  ;  though,  some  say,  that  by  virtue  of  her  intercession, 
it  was  stayed  ^om  reaching  Catania. 

Again  it  burned  A.  C.  Bi^»  in  the  reign  of  Charles  M« 
Then  from  the  year  11 60  to  1669,  9II  Sicily  was  shaken  with 
piany  terrible  earthquakes,  and  the  eruptions  .of  the  same  mountain 
destroyed  a  vast  tract  of  inhabited  land  round  about  it,  and  reached 
as  far  as  Catania }  the  cathedral  of  which  it  destroyed,  find  the  re- 
ligious men  residing  in  it. 

Again  in  the  year  12jj4»  Iherje  happened  another  terrible  fire  about 
^he  time  of  thje  death  of  Charles,  king  of  Sicily  and  Arragon. 
A.  )399  qutil  1333  there  was  another.    A.  140  another. 
A.  1414  another,  which  lasted  till  1447* 
A.  1536  another,  which  lasted  a  year. 
A.  1633  another,  continuing  several  years. 
A.  1650,  it  burnt  on  the  nojrtb-east  side,'  and  vomited  so  much 
pre,  tiiat  by  the  fiery  torrents,  caused  thereby,  great  devastation 
was  made,  as  Kircher  relates  in  his  Mundus  Subierraneus :   whose 
assistance  we  have  also  made  use  of  in  the  foregoiug  chronology, 
together  w  jth  that  of  Philotheus. 

The  same  author,  having  been  in  Sicily  himself,  ob^ryed,  thai 
the  people  of  Catania,  digging  for  pumice  stones,  do  find  at  the 
depth  of  oi|e  hundred  palms  (which  i;^  about  sixty-eight  feet)  streets 
paved  with  marble|  and  many  footsteps  of  antiquity ;  an  argument, 
that  towns  have  stood  there  in  former  ages,  which  may  have  been 
overwhelmed  by  pie  matter  cast  put  of  this  mountain.  They  have 
^dso  found  several  bridges  of  pumice  stones,  doubtless  made  by  the 
flux  of  the  fiery  torrents,  the  earth  being  very  much  raised  smce. 

Now  whether  these  efuptioiis  ^xe  caiised  by  fictual  subterraneous 
fires,  lightiog  upon  coqubustihte  matter  ;  or  by  fire  struck  out  of 
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{alltog  and  breakiag  stones*  whose  sparks  meet  with  iiitr«-ciil|ik|» 
f eous  or  other  inflammable  subtancrs  heaped  togetlier  in  tlie  bewcb 
of  the  earth,  and  by  the  expansive  violeope  of  thr  fire  foiteed  to 
^ke  more  room,  and  so  biir8ti|\g  out  with  the  imp^tnasitj!  we  aecj 
fttay  not  be  imwortliy  of  a  phi|o&o|iher*s  specidatioiv 

[PJdL  Tr^mM.  ie»l 

8PCT10N    III. 

^ff^tois  of  Etnq in  1669 ;  o$  communiagitd bg teveralmfA 
sitive  English  merchants  at  that  time  rtddii^  k^  ^'  " 


TouGUiNp  the  fore-runners  of  this  lire»  there  was^  for  the  sp^ce  of 
eighteen  days,  before  it  broke  out,  a  very  thick  dark  sky  in  those 
parts,  with  thundei-  and  lightning,  and  freqaent  concussions  of  th^ 
^arth,  which  the  people  roa|e  terrible  reports  of,  thoi^  I  never 
saw  nor  heard  pf  apy  buildings  cast  down  therf^,  save  a  smal) 
town  or  village,  called  Nicolosi ;  about  hi^if  a  mile  dfalint  from  th« 
New  Mouth,  and  some  such  oth^r  (light  buildings  among  those 
towns,  that  were  afler  over  run  by  the  fire.  Betides,  it  was  oh* 
^rved  that  tb^  old  top  or  mouth  of  £tna  did,  A>|>  two  or  three 
months  before,  rage  more  than  usual ;  the  lifie  of  which  did  Volcan 
and  Stromboli,  two  burping  mountains  to  thf  w^tward.  And  thf 
top  of  Etna  must  i^bout  the  same  time  have  sunk  down  into  Its  old 
vorago  or  hole,  in  that  'lis  agreed  by  all,  that  had  seen  thismbun* 
(aio  before,  that  \i  wa$  very  much  louered.  Other  fore  runners  o( 
fhis  fire  I  have  not  heard  nor  met  with. 

It  first  broke  out  on  the  eleventh  of  March,  I^,  about  fvroi 
hours  before  night,  and  that  on  the  south-east  side  or  skirt  of  Ihc 
mountain,  about  twenty  miles  beneath  the  Old  Mouth ;  and  ten  miles 
from  Catania.  At  first  it  was  reported  to  advance  thi^e  miles  in 
twenty  four  hours  ;  but  at  our  being  there  (viz.  April  5,)  when  we 
were  come  withiu  a  »hort  mile  of  Catania,  i^  scarce  moved  after  the 
rate  ot  a  furlong  a  day  ;  and  after  tliis  degree  of  progress  it  continued 
for  fifteen  or  twenty  d^ys  ufter,  passing  under  the  walls  of  Catania 
a  good  way  into  the  sea  j  but  about  the  latter  ^end  of  this  moulli, 
and  the  beginning  of  May  (whether  it  was  that  the  sea  could  not 
receive  this  matter  fast  enough,  or  ratlcrthai  the  month  above  did 
cast  forth  a  larger  quantity)  it  bent  all  its  force  against  the  citj; 
and  having  wrought  itself  up  even  with  the  walls  thereof,  over  it 
passed  in  divers  places  ;  but  its  chief  fuiy  fell  upon  a  very  statelj 
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convent,  which  was  that  of  the  Benedictines,  having  large  gardens 
pnd  otiier  ground  betwixt  them  and  the  wall  :  which  when  it  had 
filled  up,  it  fell  with  all  \U  force  on  the  convent,  where  it  met  with 
strong  resistance^  which  made  it  swell   (as  usually  it  did  where  it 
met  with  any  obstruction)  almost  as  high,  as  the  higher  shops  in 
the  old  London  exchani^e,  this  convent   being  built  much  aAer 
thjit  fashion,  though  considerably  bigger.    Some  parts  of  this  wall 
were  driveri  in,  whole  and  entire,  almost  a  foot,  as  appeared  by  the 
rising  of  the  tiles  in  the  midst  of  the  floor,  and  bending  of  the  iron* 
bars  that  went  cross  above.     And  'tis  certain,  had  this  torrent  fallen 
in  some  other  part  of  the  town,  it  would  have  made  great  havoc 
amongst  their  ordinary  buildings,  but  here  its  fury  ceased  the  fourth 
of  May,  running  hence  forward  in  little  channel.s  or  streams,  and 
that  chiefly  into  the  sea«      It   had   overwhelmed  m   the  upland 
country  tK>me  fourteen  towns  and  villages,   whereof  some  were  of 
good  note»  containing  three  or  four  thousand  inhabitants,  and  stood 
in  a  very  fruitful  and  pleasant  country,  where  the  fire  had  never  made 
any  devastation  before  y  but  now  there  is  not  so  much  as  any  sign 
where  such  towns  have  stood  |  only  the  church  and  steeple  of  one 
of  them  ;  which  stood  alone  upon  a  high  ground,  does  still  appear. 
As  tQ  the  matter  which  thus  ran,  it  was  nothing  else  but  divers 
kinds  of  metals  and  minerals,  rendered  liquid  by  the  fierceness  of 
the  fire  ip  the  bowels  of  the  earth,  boiling  up  and  gushing  forth, 
like  th^  water  doth  at  the  head  of  some  great  river;  and  having  nm 
in  a  full  body  for  a  good  stoq^*|  cast  or  more,  the  extremities  there* 
pf  began  to  crost  and  curdle,  becoming!  when  cold,  those  hard 
porous  stones,  which  the  people  pall  Sciarri,  having  the  nearest  re- 
semblance  to  huge  cakps  of  sea-coal,  full  of  a  fierce  fire.     These 
cpme  rolling  and  rumbling  over  one  another,  and  wliere  they  met 
with  a  bank,  would  fill  up  and  swell  over,  by  their  weight  bearmg 
down  any  common  building,  and  burning  up  what  was  combustible. 
The  chief  motion  of  this  matter  was  forw  ard,  but  it  was  also  dilating 
itself,  as  a  flood  of  water  ^ould  do  on  even  ground,  thrusting  out 
several  arms,  or  tongues,  as  they  call  them. 

About  two  or  three  of  the  clock  m  the^  night,  we  mounted  ai| 
high  tower  In  Catania,  whence  we  had  a  full  view  of  the  mouth ; 
which  was  a  very  terrible  sight,  vi«.  to  see  so  great  a  mass  or  body 
of  mere  fire.    Next  n^oniing  we  wo^M  have  gone  up  to  the  month 
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itsdt,  bntdnnt  not  conoe  nearer  than  a  fiirloBg  efl^  fbf  ftarif 
being  p?f  nrhelmed  by  a  sadden  turn  of  the  wind*  which  carried  w^ 
into  the  aur  some  of  that  vast  pillar  of  ashes*  which  to  our  qipiv- 
hension  exceeded  twice  the  bigness  of  Pku)>  steeple  in  Loodon,  and 
went  up  ui  a  straight  body  to  a  far  greater  height  that  that ;  the  whob 
^  being  thereabout  all  covered  with  the  lightest  of  those  Ishep 
blown  off  from  the  top  of  this  pillar :  And  from  the  first  brealng 
ibrth  of  the  fire  until  its  fury  peased  (being  fifty^our  days)  ncilhcf 
sun  nor  star  were  seen  in  i^U  that  part. 

From  the  outside  of  this  pillar  fell  off  great  qoantity  of  atoao^ 
but  none  very  big^  neither  could  we  discern  any  fire  in  then,  Mr 
come  to  see,  wher^  that  fiery  stuff  broke  out,  there  beii^  a  greil 
l>ank  or  hill  of  ashes  betwi&t  it  and  us. 

At  the  mouui  whence  issued  the  fire,  or  ashes,  or  bolli,  was  a 
continual  noise,  like  the  beating  of  great  waves  of  the  sea  against 
rocks,  or  like  thunder  afar  off,  which  aometimes  I  have  heard  here 
in  Messina,  though  situated  at  the  foot  of  high  hills,  imd  wty  miles 
off.  It  hath  also  beeh  heard  one  hundred  ipiles  northward  of  tliis 
place,  in  Calabria,  (as  I  have  been  credibly  informed)  whither  the 
ashes  have  also  been  carried :  and  some  of  our  seamen  have  also  re- 
ported, that  their  decks  were  covered  therewith  at  Zante,  though  ds 
likely  not  very  thick. 

Of  those  burnt  stones  or  sciarri,  I  have  some  by  me  of  dhrers 
quah'ties,  and  shall  procure  what  more  I  can,  to  be  sent  by  the  fint 
passage. 

About  the  middle  of.  May  we  made  another  jourqey  thither, 
where  we  found  the  face  of  things  much  alter^,  the  city  of  CataiMa 
bf  ing  three  quarters  of  it  compassed  rQ^^d  with  the^  9cia|n^  9$ 
high  as  the  top  of  the  walls ;  and  in  many  places  it  had  broke  over. 
The  first  night  of  our  arrival  a  new  stream  or  gutt^  of  fire  broke 
forth  among  some  sciarri,  which  we  were  walking  upon  an  hour  or 
two  before,  and  they  were  as  high  as  to  be  even  with  the  top  of  tb? 
wall.  It  poured  itself  down  into  the  city  in  a  ^mall  gutter  of  about 
three  foot  broad,  and  nine  foot  long  of  mere  fire,  the  extremities 
still  falling  off  into  those  sciarri ;  but  this  stream  was  extuict  by  the 
next  morning,  though  it  had  filled  up  a  great  void  place  with  its 
sciarri.  The  next  night  was  another  much  bigger  channel  disco* 
vered,  pouring  itself  ovey  another  part  of  the  wall  into  the  castle* 
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^itch,  which  continued  (as  we  were  informed)  some  days  after  out 
departure.  Divers  of  these  small  rivulets  did  ruu  at  the  same  time 
into  the  sea,  and  it  does  so  still  at  this  very  day,  though  faintly. 

It  was  observed,  that  those  streams  of  fire  never  grew  broader 
por  visibly  longer,  nor  moved  out  of  the  place  they  were  seen  in ; 
Ift'hich  put  us  a  little  more  to  examine  their  working,  apd  we 'did 
IM>nclude,  that  not  only  then,  but  in  the  fury  also  of  its  running,  it 
inade  itself  certain  crusted  gutters  to  ruu  in,  to  keep  itself,  as  it 
)vere  from  the  air,  which  by  degrees  did  cool  and  fix  it,  as  more 
plainly  appeared  above  at  the  ipouth,  where,  the  first  time  of  our 
going  thither,  we  found  the  sciarri  generally  thus  cooled  and  fixed. 
And  hence  also  it  might  proceed,  that  these  live  sciarri,  meeting 
yfiih  any  bank  or  high  ground,  would  pu^and  swell  up,  till  they 
|i9d  oyfercome  it ;  so  that  in  many  places,  especially  udder  the  walls 
pf  Catania,  were  vallies  df  those  sciarri,  and  thp  fire  never  broke 
forth>  or  discovered  itself  in  those  streams^  until  it  had  gained  its 
height ;  for  those  rivulets  ever  went  declining* 

Having  spent  a  couple  of  days  about  Catania,  we  again  went  up 
to  the  mouthy  wli^e  now  without  any  danger  of  fire  or  ashes  we 
could  take  a  free  view  both  of  the  old  and  new  channel  of  the  fire, 
nud  of  that  great  mountain  of  ashes  cast  up.  That,  which  we  guessed 
to  be  the  old  bed  or  channel,  was  a  tbree*comered  plot  of  abomt 
two  acres,  with  a  crust  of  sciarri  at  the  bottom,  and  upon  that  a 
^lall  crust  or  surface  of  brimstone.  It  was  hedged  in  on  each  side 
with  a  great  bank  or  bill  of  ashes,  and  behind  and  at  the  upper  end 
rose  up  that  huge  mountain  of  the  same  matter.  Between  those  two 
banks  the  fire  seems  to  have  had  its  passage.  At  the  upper  end  in 
the  nook  upon  a  little  hillock  of  crusted  sciarri  was  an  hole  about  ten 
feet  wide,  whence  'tis  probable  the  fire  issued ;  and  it  might  have 
had  several  other  such  holes,  since  either  crusted  over  or  covered 
with  ashes.  At  the  bottom  of  this  hole  the  fire  wfis  seen  to  flow 
along,  and  below  it  was  a  channel  of  fire,  bfneath  that  surftce  of 
sciarri,  which  being  cleA  atop  for  some  space,  we  had  an  easy  and 
l^isureable  view  of  the  metal  flowing  along,  whose  superficies  migbt 
Jbe  a  yard  broad,  though  possibly  it  carried  a  greater  breadth  under- 
peatli,  the  gutter  going  sloping*  What  depth  it  had,  we  could  not 
guess :  it  was  impenetrable  by  iron  hooks,  and  other  instruments 
yft  had.  We  were  very  desirous  to  have  got  some  of  this  matter  at 
the  spring  head,  but  we  could  penetrate  no  more  into  it,  than 


412  £RUPTION&   OF   ETNA* 

with  oiie*8  fioger  into  the  palm  of  the  liaud.  *Ti8  likdy  tint 
running  may  have  been  more  yiehling  than  we  found  this.  Ami 
Ibis  channel,  but  especially  from  that  hole  above  it,  issued  gnit 
store  of  a  strong  sulphureous  smoke,  wherewith  some  of  our  co» 
panioiis  were  at  first  almost  stifled  through  iuidverteiicj.  Abort 
once  in  a  quarter  of  an  hour  there  would  rise  m  pillar  of  smoke  m 
9»hes,  but  nothing  comparable  to  the  Ibrmeri  which  seemed  Is 
come  from  the  middle  top  of  that  new-OMMte  moiuitain.  I  eoafa^ 
It  was  iM>  omission  in  us,  not  to  go  up  to  tUs  mouDtui,  ben^ » 
near ;  but  because  it  was  troublesome,  aud  not  without  dciiger,  the 
test  of  tlie  company  being  satisfied  with  what  tkey  bad  already  tcca, 
would  not  stay  to  see  any  more. 

At  this  our  Ifist  being  in  Catania  we  feond  the  people  busy  k 
barricading  the  ends  of  some  streets  and  passages^  where  tfaej 
thought  the  fire  might  break  In  j  and  this'they  did  by  pulHog  dowa 
the  M  houses  thereabout,  and  laying  up  the  loose  stones  in  mauiicr 
of  a  wall,  which  they  said  would  resist  the  fire  as  sot  being  mixed 
with  lime ;  though  it  was  the  great  weight  and  force  of  that  fieiy 
matter  in  pressing  forward,  and.not  its  bummg^  tliat  overthrew  the 
builduigs,  as  plainly  appeared  in  the  coDTent  of  the  BenedidiDOi 
and  in  the  town-walls,  where  the  great  deluge  of  fire  did  poar  il* 
self ;  it  not  breaking  into  the  city,  but  pouring  itself  over  the  walK 
as  hath  been  said. 

Unto  this  very  time  *tis  said  to  have  ran  a  mile  into  the  sea,  and 
as  much  in  front,  tliough  it  was  much  less  when  we  were  there. 
The  shore  goes  gently  declining,  having  at  the  extrrmity  of  the 
5ciarri  about  five  fathoms,  and  about  half  as  much  tbty  are  above 
water. 

The  superficies  of  the  water  for  twenty  foot  or  more  of  those  ri- 
vulets of  fire,  was  hotter  than  to  endure  one's  hand  in  it,  thougii 
deeper  it  was  more  tLMiiiM?rate,  and  those  live  sciarri  still  retained 
their  fire  under  water,  as  we  saw  when  the  surges  of  the  sea  re- 
treated back  ill  their  ordinary  ri*verbcrations. 

The  general  face  of  these  sciarri  is  in  some  respect  not  much  OB* 
like^  fruni  the  beginning  to  the  end,  to  the  river  of  Thames  inagrest 
frost,  at  the  top  of  the  ice  above  bridge,  I  mean,  lying  after  such  i 
rugged  manner  in  great  flakes  :  but  its  colour  is  quite  diflferent,  beisg 
most  of  a  dark  dusky  l^lue,  and  some  stones  or  rocks  of  a  vast  big- 
f»ess>  close  and  sohd. 
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But  uot withstanding  their  ruggedness^  and  store  of  fire  which  we 
could  see  glowing  in  the  clefts  and  cavities^  we  made  a  shift 
to  ramble  over  a  good  part  of  them;  as  it  is  said  also  that 
people  would  do  the  same  in  its  greatest  violence  of  burning. 
For  as  those  live  sciarri,  and  those  rivers  of  fire  themselves  were 
so  tough  and  impenetrable  as  to  bear  any  weight,  so  the  superficies 
of  the  sciarri  might  be  touched  and  handled,  the  fire  lieing  inward, 
and  not  to  be  discerned  but  near  hand,  especially  in  the  day  time : 
and  it  was  somewhat  a  strange  sight  to  see  so  great  a  river  come  sq 
tamely  forward ;  for,  as  it  approached  unto  any  house,  they  uot 
only  at  good  leisure  removed  their  goods,  but  the  very  tiles  and 
beams,  and  what  else  was  moveable. 

'1 'is  observable  that  none  of  those  that  went  to  see  it,  when 
there  was  little  else  to  be  seen  but  the  cold  sciarri,  but  declared 
to  have  found  it  a  much  other  thjipg  than  they  imagined,  though 
related  to  them  viva  voce  by  those  who  had  formerly  been  there. 

I  shall  add,  that  the  whole  country  from  the  very  walls  of 
Catania  to  twenty  miles  on  this  side  is  full  of  old  sciarri,  which 
former  eruptions  have  cast  forth,  though  the  people  remember 
none  so  big  as  this  last,  orHhat  burst  out  so  low.  This  country 
is  notwithstanding  %^eU  cultivated  and  inhabited ;  for  length  of  time 
hath  either  molUfied  much  of  those  old  sciarri,  or  new  mould  or  ashes 
have  overgrown  them,  though  there  still  remains  much  country 
which  it  may  be  will  never  be  made  serviceable. 

What  is  the  perpendicular  height  of  this  mountain  I  cannot 
learn.  It  cannot  perhaps  be  rightly  taken,  being  so  subject  to  alter 
its  height  and  shape.  But  it  is  a  very  goodly  mountain  to  look 
upon,  as  one  passes  by  sea  to  the  eastward,  standing  alone  by  itself, 
rising  from  the  very  shore ;  and  at  shortest  passage  u  reckoned 
twenty  miles  up  to  the  top,  though  from  Catania  it  hath  thirty  miles 
as  before.  [PhU.  Trans.  IGGf^} 

• 

SECTION  IV. 

Changes,  present  State,  and  picturesque  Scenery  of  Etna. 

Three  hours  before  day,  I,  with  my  companions,  left  the  Grotta 
delle  Capre,  which  had  afforded  us  a  welcome  asylum,  though  our 
bed  was  mot  of  the  softest,  as  it  consisted  only  of  a  few  oak  leaves 
.scattered  over  the  floor  of  lava.    I  continued  my  journey  towards 
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the  summit  of  Etna ;  and  the  cleariien  of  the  ricj  mdoeed  at  ti 
Lope  that  it  would  continue  the  same  daring  the  approftchiag  d^^ 
that  I  might  enjoy  the  extensive  and  sublime  proapcct  from  the  Uf 
of  thb  lofty  mountain,  which  is  usually  uifolved  in  doudt.  I  sm 
left  the  middle  region,  and  entered  the  Upper  one,  whidi  is  entiifl;| 
destitute  of  vegetation,  except  a  few  hushes  very  thinly  scstterai 
The  light  of  several  torches  wbibh  were  blifried  before  Ui  cmbM 
ml!  to  bbserVe  the  nature  of  the  grotiqJ  oter  whidi  we  puKd,  ail 
to  ascertain,  from  such  experiments  as  I  was  Mit  to  toAti  thit  oi^ 
road  lay  over  lavas  either  perfectly  the  same  witb,  6t  mbaiognm  tt, 
those  in  which  the  Grotta  delle  Capre  b  hollowed. 

We  had  arrived  at  within  about  four  mUes  of  the  iMNrders  of  the 
great  chiter^  when  the  dawn  of  day  began  to  dispeiK  the  darkncsi 
of  night.    Faint  gleams  of  a  whitbh  light  were  aneceeded  by  the 
mddy  hues  of  Aurora ;  and  soi^n  after  the  sun  rose  above  the  bari- 
aon,  turbid  at  first  and  dimmed  by  mistsi  but  his  iqfs  insensib^ 
became  more  clekt  aiid  resfAendent.    These  gndatiou  of  the 
rising  day  are  no  where  to  be  viewed  with  such  priidiion  alid  ddigh^ 
as  firom  the  lofty  height  we  had  reached,  which  wit  not  ftr  from  the 
most  elevated  point  of  Etna.    He^e,  Kewise,  I  began  to  percent 
the  eSecH  of  the  eruption  of  Etna  which  took  place  in  July  IfSf, 
and  which  has  been  so  atcurately  described  by  the  Chevalier 
Gioeni*.    These  were  vbible  in  a  coating  of  black  scorise^  at  first 
thin,  but  which  became  gradualiy  thicker  as  I  approadied  the  sov^ 
mit  of  the  mountain,  till  it  composed  a  stratum  of  several  palnu  iu 
thickness.    Over  Ihese  scorise  I  was  obliged  to  proceed,  not  withoal 
considerable  difficulty  and  fatigue,  .as  my  leg  at  every  step  sank  deep 
into  it.    The  figure  of  these  scorias,  the  smallest  of  which  are  about 
a  line  or  somewhat  less  in  diameter,  b  very  irregular.    Externally 
they  have  the  appearance  of  scoriae  of  iron ;  and ^  when  broken,  aie 
found  full  of  small  cavities,  which  are  almost  all  spherical,  or  nearly 
of  that  figure.   They  are,  therefore,  lighl  and  friable ;  two  qualities 
which  are  almost  always  inseparable  from  scoriae.    Tbb  great  nom- 
her  of  cavities  is  an  evident  proof  of  the  quantity  and  vigorous  actioB 
of  the  elastic  fluids,  which  in  thb  eruption,  imprisoned  in  the  liquid 


«  His  acconnt  of  this  eruption  was  printed  at  Catania  ia  178T.  Theff 
Is  likewbe  a  French  transUaoa  at  the  ead  of  tke  CmUtlogm^  Rtimu^  if 
If .  Doloflsiea. 
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feiatter  within  the  crater,  dilated  it  on  every  side,  seeking  to  extn* 

cate  themselves ;  and  forced  it,  in  scoriaceous  particles,  to  various 
heights  and  distanced,  according  to  the  respective  weights  of  those 
particles.  The  ndo^t  attentive  eye  cannot  discover  in  them  the 
tmallest  shoerl;  either  because  these  stones  have  been  perfectly 
fused,  and  with  the  lava  passed  into  one  homogeneous  consbtence ; 
or  because  they  neVef  existed  in  it.  Some  linear  feltspars  are  ho#^ 
ever  found,  Which  by  their  splendour,  semi-transparency,  and  soli- 
dity, shew  that  they  have  suffered  no  injury  from  the  fire.  When 
these  scoria  are  pulverized,  they  become  extremely  black ;  but 
retain  th^  dryness  and  scabrous  contextnre  which  they  had  when 
entire.  They  abound  in  iron,  and  in  consequence  the  dust  product 
by  pulverizing  them  copiously  adheres  to  the  point  of  a  magnetized 
knife ;  and  a  small  piece  of  these  scorias  will  put  the  magnetic  needle 
In  motion  at  the  distance  of  two  lines. 

In  the  midst  of  this  immense  quantity  of  scorisei,  I^  in  several 
places,  met  with  some  substances  of  a  spherical  figure,  which;  lik^ 
the  lava,  were  at  first  small,  but  increased  in  size  as  I  approached 
the  summit  of  the  mountain.  These  were  originally  particles  of 
lava  ejected  from  the  crater  in  the  eruption  before  mentioned,  which 
assumed  a  spherical  figur£  when  they  were  congealed  by  the  cold- 
ness of  the  air.  On  examining  them,  I  found  them  in  their 
qualities  perfectly  to  resemble  the  scoriss^  and  to  possess  the  same 
magnetism. 

Only  two  miles  and  a  half  remained  of  our  journey,  when  the 
great  laboratory  of  nature,  inclosed  within  the  abysses  of  Etna,  began 
its  astomshing  operations.  Two  white  columns  of  smoke  arose  front 
its  summit ;  one,  which  was  the  sniallest,  towards  the  north-east 
side  of  the  mountain ;  and  the  other,  towards  the  north-west.  A 
light  wind  blOvtfing  from  the  east,  they  both  made  a  curve  towards 
the  west,  gradually  dilatmg,  imtil  tiiey  disappeared  in  the  wide  ex- 
panse of  air.  Several  streams  of  smoke,  which  arose  lower  down, 
towards  the  west,  followed  the  two  columns.  These  appearances 
tould  not  but  tend  to  inspire  me  with  new  ardour  to  prosecute  my 
journey^  that  I  might  discover  and  admire  the  secrets  of  this  stu- 
pendous volcano.  The  sun,  likewise,  shining  in  all  his  splendour, 
teemed  to  promise  that  this  day  should  crown  my  wishes.  But  ex- 
perience taught  me  that  two  miles  and  a  half  I  had  yet  to  go  pre« 
tented  many  more  obstadet  than  I  coold  have  ima^;inedt  and  that 
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nothing  but  the  resolution  I  had  formed  to  oomplefe  my 
every  haaard  could  have  enabkd  nie  to  surmount  tiMfiii* 

Having  proceeded  about  a  hundred  piifes  further,  I  met  wWi^ 
torrent  of  lava,  which  I  was  obliged  to  cro**,  to  arrive  at  the  snoirii^ 
iumroit.  My  ^uides  informed  me  that  this  lava  bad  iaaued  fmm  the 
uiountaiu  in  Oclobt-r  17B7  }  and  as  the  accomit  of  the  Chevalicff 
Gioeniy  which  I  have  above  cited,  only  mentient  the  cmplica 
of  the  raouUi  of  July  of  tlie  sauie  year,  I  shall  here  |if«  i 
brief  description  of  it ;  as  ii  does  ndt  seem  hitherto  to  bate  bcoi 

described. 

This  very  recent  lava  extends  three  miles  iti  length  ,  Hs  breadth  if 
various,  in  some  places  being  abuut  a  quarter  of  a  mile,  in  otiKif 
one-third,  aud  in  others  still  more.  Us  height,*  or  rather  depth,  ii 
different  in  different  parts ;  the  greatest  being,  as  far  at  f  was  able 
to  observe,  about  eighteen  feet,  and  the  least  six.  tt$  course  if 
down  the  west  side  of  the  mountain ;  and;  like  the  oth^  lava  which 
flowed  in  the  July  of  1^87,  it  issued  immediately  from  the  great 
crater  of  Etna.  The  whole  number  of  the  eruptions  of  thb  moon* 
tain  of  which  we  have  any  record,  before  and  after  the  CItristiaa  eft» 
is  thirty«one ;  and  ten  only,  as  we  are  informed  by  Gioeni^  inel»* 
ding  that  of  which  he  has  given  an  aceoynt,  faa^e  issued  imme- 
diately from  the  highest  crater.  That  which  I  observed  may  be  the 
eleventh,  unless  it  should  rather  be  cbnsidered  as  the  same  wittf  tiiat 
described  by  the  Sicilian  naturalist;  since  the  interval  betweei 
August  and  October  is  a  very  short  intermission  of  rest  for  a  vokam. 
The  cause  of  the  rarity  of  the  eruptions  which  issue  immediately 
from  tiie  crater,  compared  with  those  which  disgorge  from  the  sides/ 
seems  easily  to  be  assigned.  The  centre  of  this  volcano  is  prolwbly 
at  a  great  depth,  and  perhaps  on  a  level  with  the  sea.  U  is  tliere*( 
fore  much  more  easy  for  the  matter  liquified  by  the  ftre,  put  id 
effervescence  by  the  elastic  fluids,  and  impelled  on  every  side  froB 
the  centre  to  the  circumference,  to  force  its  way  through  one  of  the 
sides  of  the  mountain  where  it  finds  least  resistance,  aud  ttiere  fom 
a  current,  than  to  be  thrown  up,  notwithstanding  the  resistauce  of 
gravity,  from  the  bottom  to  so  great  a  height  as  the  highest  crater  of 
Etna.  It  is  evident,  therefore,  that  the  effervescence  in  the  erap* 
tions  of  the  months  of  July  and  October  1787  was  extremely 
violent.  The  torrent  of  the  month  of  Octot)er  is  every  wlieie 
covered  with  scoriae,  which  resemble  those  ejected  in  the  month  of 
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Jitly  in  tlieir  black  colour,  bnt  differ  from  them  io  the  great  adhe- 
sion Ihey  have  to  the  lava,  in  their  exterior  vitreous  appearance^ 
their  greater  weighty  and  their  hardness,  which  is  so  great  that  they 
give  sparks  with  steel  ahnost  as  plentifully  as  flints.  These  differ- 
ences^  however,  are  to  be  attributed  only  to  accidental  combinations 
of  the  same  substance ;  the  constituent  principles  of  the  scoriae  of 
this  lava  not  being  different  from  those  of  the  detached  scoriae 
mentioned  above.  Both,  likewise,  contain  the  same  feltspar 
lamellae. 

lliis  new  current  was,  however,  extremely  difficult,  and  even  dan- 
gerous, in  the  passage.     In  some  places  the  scoriae  projected  in 
promment  angles  and  points^  and  in  others  sunk  in  hollows,  or  steep 
declivities;    in  some^  from  their  fragility  and  smoothness,  thejf 
resembled  thin  plates  of  ice^  and  in  others  they  presented  vertical 
and  sharp  projections.    In  addition  to  these  difficulties,  my  guides 
informed  me  I  should  have  to  pass  three  places  where  the  lava  was 
attll  red-hot,  though  it  was  now  eleven  months  since  it  had  ceased 
to  flow.    These  obstacles,  however,  could  not  overcome  my  resolu* 
tion  to  surmount  them,  and  I  then  experienced,  as  I  have  fre- 
quently done  at  other  times,  how  much  may  be  effected  m  difficnl* 
ties  and  dangers  like  ^ese,  by  mere  physical  courage,  by  the 
assistance  of  which  we  may  proceed  along  the  edge  of  a  precipice 
in  safety ;  while  the  adventurer  who  suffers  himself  to  be  surprised 
by  a  pauic  fear  will  be  induced  cowardly  to  desbt  from  the  enter- 
prise be  might  have  completed.    In  several  places,  it  is  true,  the 
scoriae  broke  under  my  feet;   and  in  others  I  slipped,  and  had 
nearly  lidlen  into  cavities  from  which  I  should  have  been  with 
difficulty  extricBted.    One  of  the  three  places  pointed  out  by  the 
guides  had,  likewise  from  its  extreme  heat,  proved  highly  disagree* 
able ;   yet,  at  length,  I  surmounted  all  these  obstacles  and  reached 
the  opposite  side,  not  without  making  several  cursory  observationa 
on  the  places  whence  those  heats  originated*    Two  large  clefts,  or 
apertores,  in  different  places  appeared  in  the  lava,  which  thet«,  not* 
withidanding  the  clearness  of  the  day,  had  an  obscure  redness;  and 
on  applyim;  the  end  of  the  staff  which  I  used  as  a  sapport  in  thu 
diflicult  journey,  to  one  of  these,  it  presently  smoked,  andf  irnmc* 
diately  after,  took  fire.    It  was'  therefore  indubitable,  that  this 
Iwap  of  ejected  lava  still  contamed  within  it  tbe  actife  ranahip  ^ 
VOL.  I.  fi  « 
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fire,  wbidi  were  more  manifest  there,  tluui  in  olber  pbboeiw 
those  matters  were  there  collected  io  greater  quavtitiea. 

I  had  >et  to  eucouuler  other  obstaclea.  I  had  to  pua  tbat  tiart 
which  may  properly  be  called  the  cone  of  Etna^  and  wliieli«  in  1 4g|l 
line,  is  about  a  mile,  or  somewhat  more  in  Wn^*  Thkwmm^ 
tremely  steep,  and  not  less  rugged,  firom  the  arrwmylatrf  scant 
which  had  been  heaped  upon  it  in  the  last  Mvplioiij  the  pkces  of 
which  were  neither  connecled  together,  nor  attad^  Co  thegioaid; 
so  that,  frequently,  when  I  stepped  upon  one  of  tbem,  bcioit  I 
could  advance  my  other  foot,  it  gave  way,  maApSn€k%  oilier  piMH 
before  it  down  the  steep  decUHty,  carried  me  with  it,  compdling  mt 
to  make  many  steps  iMckwards  instead  of  one  forwards.  To  add 
to  this  inconvenience,  the  larger  pieces  of  sooiisa  above  thai  on  wUch 
I  had  stepped,  being  deprived  of  the  support  of  theae  ooo^gaoosta 
them,  came  rolling  down  upon  me,  not  without  danger  of  violenliy 
bruismg  my  feet,  or  breaking  my  legs.  After  scveml  incftcCttal 
attempts  to  proceed,  I  found  the  only  method  to  acvoM  this  ineoo* 
venience  and  contuiue  my  journey,  was  to  step  only  on  those  laifer 
(Meces  of  scorisB  which,  on  account  of  their  weiglit,  reonined  firai: 
but  the  length  of  the  way  was  thus  more  than  doubled^  by  the  €■>• 
cuitous  windings  it  was  necessary  to  make  ^  find  aadi  pieces  ef 
scoriae  as  from  their  large  size  were  capable  of  afibrding  a  stable 
support.  I  employed  three  hours  in  passing,  or  father  ^P^gjp^ 
inyseif  to  the  top  of  the  mountain,  partly  from  being  unable 
to  proceed  in  a  right  line,  and  partly  from  the  steepness  of  the 
declivity,  which  obliged  me  to  climb  with  my  hands  and  feet, 
sweating  and  breathless,  aud  under  the  necessity  of  aioppiog  at 
intervals  to  rest,  and  recover  my  strength.  How  much  did  I  then 
envy  the  good  fortune  of  those  who  had  visited  Etna  before  the 
eruption  of  1787»  when,  as  my  guides  had  assured  me,  the  jooney 
was  far  less  difficult  and  laborious ! 

I  was  not  more  than  a  hundred  and  fifty  paces  distant  from  the 
vertex  of  the  cone,  and  already  beheld  close  to  uie>  in  all  their  nn- 
jesty,  the  two  columns  of  smoke.  Anzk>us  to  reach  tiie  bordeis  of 
the  stupendous  gulph,  I  summoned  the  little  streng;th  I  hadicmain- 
ing,  to  make  a  last  effort,  when  an  unfi^reseen  obatack^  for  a 
moment,  cruelly  retarded  the  completion  of  my  ardent  wiihOi 
The  volcaoiQ  craters,  which  are  still  bnnu^g  more  or  ies^  ut 
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mmMy  sttinnindtd  with  hot  sulpbureoas  acid  streams,  which  iwue 
from  their  siding  and  rise  in  the  air.  From  these  the  summit  of 
Etna  b  not  exempt ;  but  the  largest  of  them  rose  to  the  west*  and 
I  was  on  the  sonthyeast  side.  Here,  likewise,  four  or  five  streams 
of  smoke  arose/Aom  a  part  somewhat  lower;  and  through  these  it 
was  necessary  to  past;  since  on  one  side  was  a  dreadful  precipice, 
mid  on  the  other  so  steep  a  declivity  that^  I  and  my  companioay 
fiom  weakness  and  fatigue,  were  unable  to  ascend  it;  and  it  was 
with  the  utmost  difficulty  that  our  two  guides  made  their  way  up  it, 
notwithstanding  they  were  so  much  accustomed  to  such  laborious 
expeditions.  We  continued  our  journey,  therefore,  through  the 
midst  of  the  vapours;  but  though  we  ran  as  fast  as  the  ground  and 
our  strength  wouM  permit,  the  sulphureous  steams  with  which  they 
were  loaded  were  extremely  offensive,  and  prejudicial  to  respiration ; 
and  affected  me,  in  particular,  so  much,  that  for  some  moments  I 
was  deprived  of  sense ;  and  found,  by  experience,  how  dangerous 
an  undertaking  it  is  to  vint  volcanic  regions  invested  by  such 
vaponrs. 

Having  passed  tiiis  place,  and  recovered  by  degrees  my  former 
presence  of  mind ;  in  less  than  an  hout  I  arrived  at  the  utmost  sum* 
mit  of  Etna,  and  began  to  discover  the  edges  of  the-  crater ;  wiien 
our  guides,  who  had  preeeded  me  at  some  distance,,  turned  back, 
andj  hastening  towards  me,  exclaimed  in  a  kind  of  transport,  that  I  • 
never  could  have  arrived  at  a  mors  proper  time  to  discover  and- 
observe  the  internal  pait  of  this  stupendous  volcano.    The  reader 
will  easily  conceive,  without  my  attempting  to  describe  al,  how  great 
m  pleasure  I  MH  at  fading  my  labours  and  fatigue  at  length  erowned 
with  such  complele  success.  This  pleasure  was  exaked  to  a  kind  of 
rapture,  when  I  had  completely  reached  the  spot,  .and  perceived 
that  t  might,  without  danger,  contemplate  thb  amaeuig  spectacle* 
I^sat  down  near  tiie  edge  of  the  crater,  and  renmined  them  two 
houM,  to  recover  my  strength  afler  the  fkt%ttes  I  had  undeifone  in  • 
my  jouniey.    I  viewed  vridi  astonishment  the  conignpsatiop  of  the 
borders, 'the  inferaal  sides,  the  form  of  the  immense  caveni,  its  t^cito 
torn,  an  aperture  which  appeased  in  i^  the  meked  malt«r  which . 
boiled  within,  and  the  smoke  whkh  ascended  horn  il.    The  whole 
of  this  stupendotts'sotne  was  dislincdy^displayed  before  me ;  and  I 
shall  now  proceed  tp  givs  sosk  daseriplion  of  it^*thosgh  it  will  only 
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be  poaibk  to  prHmi  t\\«  reailer  ivith  a  very  feeble  image,  as  lii« 
nglit  alooe  ctn  enable  him  to  form  ideas  at  all  adeqMte  to  ob^ecU 
to  ktwkI  and  aitonishmg. 

The  upper  cd){es  o(  llie  crater,  tci  judge  by  the  eye,  are  about  i 
nilcaud  k  half  in  ciicuit,  aad  form  an  oval,  tbe  loiige^i  dianieler  of 
which  extends  frotn  ca>.t  lo  west.  As  ibey  are  in  several  place* 
bnAtn,  and  cnimblet)  away  iu  large  fragments,  tbey  appear  as  it 
were  indented,  and  tliesc  iiiJeulatiuns  are  u  kind  of  enormous  steps, 
fenned  of  prajeclini;  lavas  anil  scoria:.  The  internal  sides  of  tbe 
caTeiii,  ot  crater,  are  inclined  in  different  augles  in  difierent  jilaces. 
To  tbe  weit  Ibetr  declivity  is  slight :  they  are  more  steep  to  tbe 
north  ;  still  more  so  tu  the  east ;  and  to  tbe  toulh>east,  on  wbicb 
tide  I  trai,  tbey  are  almost  perpendiculnr.  Notwiibstanding  Ibis 
inqolaritj,  boncver.  tbey  form  a  kbd  of  funnel ;  large  at  the  lop, 
VtA  narrow  at  the  bottom,  as  we  usually  observe  in  other  craters. 
Tba  aiclea  appear  irregularly  rugged,  aud  abound  with  concretions 
of  an  orange  colour,  which,  at  first,  I  look  for  sulphur;  but.  after- 
WBrdi,  found,  to  be  the  muriate  of  ammonia ;  having  been  able  to 
gttherMtpK  pieces  of  it  from  the  edges  of  the  gulpli.  The  bottom 
ii  Deari;r  *  boriaoalil  plane,  about  two-thirds  of  a  mile  in  circum- 
ftrenoe.  It  appcan  vtriped  with  yellow,  probably  from  tbe  above- 
mealkmcd  talt.  In  Ihis  plain,  from  ihe  place  where  I  stood,  a  cir- 
odar  aperture  waa  visible,  apparently  about  fin  poica  in  diameter, 
from  which  iMued  the  larger  columii  of  smoke,  which  I  had  teen 
before  I  arrived  at  the  summit  of  Etna.  I  shall  not  meatioo  aereral 
■trc«}iu  of  Nuoke,  which  arose  like  thin  clouds  from  tbe  same  bot- 
tom, and  diffident  places  in  the  tides.  The  principal  column,  which 
at  its  origin  might  be  about  twenty  feet  in  diameter,  ascended 
rapidly  in  ■  perpendicular  direction,  while  it  was  within  tbe  crater; 
but,  when  it  bnd  risen  above  the  edges,  udiued  towards  tbe -west, 
from  tbe  actioa  of  a  Ught  wind ;  and,  when  it  bad  risen  higher, 
dilated  mto  an  extended  but  lltiu  volume.  This  smoke  was  white, 
and,  being  impelled  to  the  side  opposite  that  ou  which  I  was,  did 
not  prevent  my  seeing  withm  the  aperture :  m  which,  I  can  aftn, 
I  very  distinclly  perceived  a  liquid  ignited  matter,  which  continaBllj 
unduUted,  boiled,  and  rose  and  felt,  without  spreadiiig  over  the 
bottom.  This  certainly  was  the  melted  lava  which  bad  atisea  to 
that  aperture  Emm  tbe  bottom  of  the  Etuean  gulph. 
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The  favourable  circumstance  of  having  this  aperture  immediately 
jusder  my  view  induced  me  to  throw  iuto  it  some  laife  stones,  bj 
xolliug  ihem  down  the  steep  declivity  below  me.  These  atones, 
which  were  oiily  large  pieces  of  lava  that  I  had  detached  from  the 
edges  of  the  crater,  bounding  dowq  the  side,  in  a  few  moqientf  fell 
on  the  bottom,  and  those  which  entered  into  the  aperture,  aqd 
struck  tlie  liquid  lavaj  produced  a  sound  similar  to  that  they  would 
liave  occasioned  had  they  (alien  into  a  thick  tenacious  paste.  £very 
stone  I  thus  threw  struck  against  and  loosened  others  in  its  passage « 
which  fell  with  it,  and  in  like  manner  struck  and  detached  othera 
in  their  way,  whence  the  sounds  produced  were  considerably  multi* 
plied.  The  stones  which  fell  on  the  bottom  rebounded,  even  when 
they  were  very  large,  and  returned  a  sound  difl&rent  from  that  I  have 
before  described.  The  bottom  cannot,  therefore,  be  considered  as 
only  a  thin  crust;  since,  were  it  not  thick  and  solid,  it  must 
have  been  broken  by  stones  so  heavy  falling  Aronn  to  great  a 
height 

To  satisfy  one  emotion  of  curiosity,  is  frequently  to  excite  aoo« 
Ikar.  I  had,  at  first,  approached  this  volcano  with  a  kind  of  supef- 
slitious  awe.  Tbe  histories  of  every  age,  the  relations  of  travellen^ 
the  universal  voice  of  Europct  had  all  contributed  to  inspire  those 
who  should  adventure  to  visit  it  with  dread :  but  as  at  this  time  it 
seemed  to  have  laid  aside  its  terrors,  and  was  in  a  state  of  perfect 
cahnness  and  tranquillity,  I  was  encouraged  to  become  more  fami- 
liar, and  to  endeavour  to  pry  into  more  of  its  secrets.  |  hav^ 
already  observed  that  the  side  of  the  crater  to  the  west  ia  of  a  more 
gentle  declivity  than  the  others;  and  I,  therefore,  ^qceived  that 
this  might  serve  me  as  a  bidder  to  defend  to  the  bottoifi ;  where 
I  might  have  added  to.  the  observations  I  had  already  n^ade,  other 
novel  and  important  facts.  But  the  persons  whom  I  had  brought 
with  me  as  guides  would  not  consent  that  I  should  expose  myself  to 
ittch  danger*  They  could  not,  howeverj  prevent  me  from  making, 
at  my  ease,  the  observations  I  have  here  published,  and  walkuig 
leburely  about  the  summit  of  the  mountain,  notwithstanding  the 
dangerous  codteqoenoes  with  which  they  threatened  me ;  telling  nie 
fhat,  should  the  wind  change,  the  column  of  smoke  must  be  tup}^ 
towards  us,  and  might  deprive  us  of  life  by  its  pestileiitiid  fuine^; 
flmtj  hesiiles,  we  were  not  certain  that  the  lava  at  th^  bottpmi(Whici| 
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tio#  appaired  to  ctUn  and  flftill^  wouM  long  renUn  io  the  dter 
state ;  bat  tlMt  it  was  possible,  from  cirevaMtBMea  dMkmh  to  tm^ 
fee»  that  it  Might  be  thrown  up  on  a  sudden*  and  puliiah  mv  iaipwh 
dent  carionty  bj  barymg  us  beneath  the  fiery  rain ;  m  aoppwl  if 
which  suggestion  they  produced  seveitl  kurtaaces  of  nwhtai 
most  unexpected  eruptions. 

We  have  seen  above,  that  thetfe  were  two  eolwHil  of 
atisiog  from    tna.    It  is  to  be  rMnatfced  tfaati  besides  that 
Mount  Btna  on  whieh  I  stood*  there  m  aaotber  to^  tiM  voisii^  o 
quarter  of  a  mile  higher;  and  which  renders  thtf  aaaanit  of 
jprop^rly  bitkreated.    Withbi  the  firrt  prommenoe  iv  sunk  the 
I  have  described ;  and  on  the  side  of  the  other  is  tiie  aeeabd. 
Which  asoeMts  a  leMt  column  of  smoke.    The  seoood  «na«r  h 
.  smaller  by  about  the  one*half  than  that  I  hate  akaady  disdribcd'; 
luid  the  one  is  separated  from  the  other  only  by  t  partitioii  of  sooris^ 
and  accumulated  lava^  which  lies  in  the  directioo  of-  from  eaat  10 
west    I  made  my  observations  on  this  second  crater  fiom  «  SsmA 
distance;  but  it  waa  impossible  to  advance  to  it,  ob  aeoomit  ollhe 
Oumeroas  and  thick  streams  of  smoke  by  whidi  it  traa  amtoondslL 
This*  lio#ever»  whs  no  gireat  disappointment*  afl^having wfwsmi 
ttamfaied  Hie  pifeielpid  crater*  wiiieh  b  that  whence  sevci«l  iwiuiis 
«f  lava  had  issued  m  17%7>    I  ought*  certainly*  to  ooosiiier  aoysirff 
as  fMtremely  fbrtanate*  in  l^iog  able  to  gratify  my  euKosity  widi  so 
-near  and  distirict  a  view  of  the  objects  I  have  described ;  » the 
guides  assured  me*  diat*  among  all  the  times  when  they  had  ceo- 
ducted  strangers  to  the  summit  of  Etna*  this  was  the  only  one  ia 
which  they  had  a  dear  and  undbturbed  view  of  tlie  inlerttal  parts 
of  that  immense  gulph.    After  my  return  to  Cataob*  the  CbfiVMlkt 
Oth^m  llkewiMs  dedared  to  me  that*  in  all  his  diflereoteaeutsiniis  to 
that  tiiohntain*  he  had  never  had  a  good  fortune  smiihur  to  i^sa; 
Hild  that*  k  inohth  before  my  arrival*  he  hiKl  made  a  jooniey  lb 
Etna*  with  the  Chetalli^r  Daiigios*  furnished  with  the  neoeasaty  Is- 
Stltu(n«nts  to  ascertain  accurately  the  heiglit  of  the  moontaia ;  bit 
trheM  they  had  arrived  at  the  foot  of  the  cone*  wh^ra  they  bad  pio> 
pbs^  to  begin  theit*  op^tions*  they  wet«  obligtd  to  tatwro  bade 
(h>m  the  6bStiictes  they  met  with*  whiah*  to  shy  the  ihith>  aie  MH- 
motil^  tuMm  few  nor  small. 

Etnk  ri^d  to  a  prbd^iott^  bdght  kbows  tho  fCV^l  of  tb^  ote,«iri 
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Hs  summit  is  usually  covered  itith  snows  and  ice,  and  obscured  with 
clouds,  except  when  the  latter  are  low  aod  range  along  the  sides. 
The  miods,  likewise,  frequently  blow  with  such  violence  that  per- 
sons can  scarcely  keep  tliehr  feet,  not  to  mention  the  acute  cold 
which  benumbs  the  limbs.    But  the  most  formidable  unpediinenti 
to  the  progress  of  the  adventurers  who  attempt  this  perilous  joumeyi 
are  the  streams  of  sulphureous  vapour  which  rise  on  the  sides,  and 
Ike  thick  cioud|  of  sulphureous  smoke  which  burst  forth  from  the 
mouth  of  the  volcano,  even  when  not  in  a  state  of  agitation.     It 
teens  as  if  nature  had  phiced  these  nouous  fumes  as  a  guafd  to 
Etna,  and  other  fiery  mountainsj  to  prevent  the  approach  of  curio« 
aity,  and  secure  her  mysterious  and  wondrous  labours  from  disco* 
very.  I  sboufd,  however,  justly  incur  the  reproach  of  being  ungrate* 
ful,  were  I  not  to  acknowledge  the  generous  partiality  she  appeared 
to  manifest  towards  ra£    At  the  time  I  made  my  visit,  the  sky  was 
dear,  the  mouotam  free  from  snows,  the  temperature  of  the  atmo* 
sphere  not  uicoraroodiouS|  the  thermometer    standing  at  seven 
degrees  above  the  freezing  point  (forty  eight  degrees  of  Fahrenheit)^ 
and  the  wind  favouring  my  design,  by  driving  the  smoke  of  the 
crater  from  me>  which  otherwise  would  alone  have  been  sufficient 
to  have  frustrated  all  my  attempts.    The  streams  of  smoke  I  met 
with  in  my  way  were,  indeed,  somewhat  troublesome,  but  they 
might  have  been  much  more  so;  though,  had  our  guides  con* 
ducted   us  by  another  road,   as,  on   my  return   to   Catania,  I 
ibond  they  might  have  done,  we  should  have  escaped  this  incon^ 
venience. 

It  here  will  not  be  improper  to  compare  these  observations  on  the 
cnrter  of  £tna  with  those  of  Baron  Riedesel,  Sir  William  ^amilton, 
Mr.  Brydone,  and  Count  Borch ;  as  such  a  comparison  will  shew 
the  great  changes  which  have  taken  place  in  this  volcano,  withm  the 
•pace  of  twenty  years ;  that  is,  from  the  tmnt  when  it  was  visited  by 
Baron  Riedesel^  in  1767,  to  that  of  my  journey,  m  X76S.  At  tlie 
time  when  that  traveller  made  his  observation^  the  crater  was  en- 
larged towards  the  east,  with  an  aperture  whkh  now  no  longer 
exists.  He  has  not  given  the  measure  of  its  circuity  nor  has  he  men* 
tioned  the  interior  aspect  of  the  crater ;  probably  because  he  hud 
not  seen  it^  having  been,  as  I  imagine,  prevented  by  the  quantity  ot 
smoke  which*  h^  tiells  us,  continually  ascendied  from  it. 

2P4 


484  KRUPTIONS  OF  ETNA. 

It  il  woitiiy  of  nolice,  however,  that  at  ihal  lime  there  uas  mt 
at  the  bottom  of  the  enter  the  hard  fiat  surlace  1  Uaw  riescribnl; 
since  the  itoiKt  thrown  into  il  did  nut  relum  the  sinalle»l  sounJ. 
WitliB  the  gulph  iticlf,  was  heard  a  iioi.se  similar  to  Ihul  of  the  want 
of  the  MS  when  ngilsted  by  a  lempest,  which  noise,  probablj 
proceeded  from  the  lava  wilhin  the  bowels  of  the  mounlain,  lifjiie- 
tied  and  in  motion.  We  may  hence  conceive  ho»  easily  a  volcaDo 
nay  begin  to  rage  on  a  sudden,  though  before  appfrenllv  in  a  state 
of  complete  Iratiquillily  :  for  if  we  su)ipo9e  a  superabundant  qusD' 
tUy  of  elastic  snbstames  to  huvc  been  ^uddenly  developed  lu  the 
liqaid  tan  of  Etna,  cither  at  the  time  when  Baron  Kie<leMl  visited 
the  crater*  or  when  I  obtervcd  it  b  a  atata  of  dig^t  i  iiMiiitiiw 
wilhin  the  golf,  it  mnit  hnmediatriy  have  twelled  io  cveiy  put, 
beating  violently  against  the  aides  of  the  carema  in  which  it  wai 
impriMncd,  thundered  among  the  deep  cavitiea,  sad,  buMivg  ftwth 
throagb  the  aides,  have  poured  out  a  river  of  firej  or,  aboold  ita 
violcDce  have  been  there  reaiated,  it  would  have  m^ed  np  wilhia 
the  crater,  until  it  oversowed  its  hrink,  and  deluged  the  ridei  of 
the  mountains  with  its  torrents. 

Sit  William  Hamilton,  on  the  36th  of  October  176$,  anivcd  at 
tfa«  sanimit  of  Etna,  with  great  difficultj,  on  accoiint  of  the  ncm 
be  met  with  m  hb  way,  the  severity  of  the  atmotpbere,  the  nlpha* 
reoua  vaponrs,  and  liic  violence  of  the  wind.  He  was  unaWc  to 
view  distinctly  the  lower  parts  of  llie  crater,  being  prevented  byibt 
great  quantity  of  smoke  which  issued  from  it;  tbongh,  what  tbit 
smolw  was  sometimes  driven  away  by  the  wind,  he  could  discover 
that  the  crater  was  shaped  like  a  funnel,  diminisliing  until  it  ended 
in  a  point ;  and  that  this  funnel  was  incnisted  over  witb  salt  and 
sulphur.     The  crater  was  two  miles  and  a  half  in  drcumference. 

From  Ihe  time,  therefore,  of  the  journey  of  Baron  Riedesel  to 
that  of  Sir  William  Hamilton,  the  crater  must  have  undergone  great 
changes  in  its  structure ;  siuce,  if  the  stoues  that  were  thrown  into  K 
gavenoiudicationslo  the  ear  that  ibey  struck  against  any  solid  body, 
it  is  manifest  tfam  there  must  have  been  an  abyss  as  well  as  a  fiumd ; 
and  as  Ihe  funnel  terminated  in  a  point,  when  it  was  observed  by  Sir 
William  Hamilton,  il  is  evident  that  the  flat  bottom  I  have  described, 
and  which  was  about  two-thirds  of  a  mile  in  drcm't,  did  not  tlita 
exist. 
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The  ioteroal  sides  of  the  crater.  Sir  William  tells  tn,  were  covend 
with  a  crust  of  salt  and  sulphur  :  but  he  does  not  specify  the  nature 
of  the  former;  aud  though  the  presence  of  the  latter  is  not  impro- 
bable, be  might  have  been  led  into  a  mbtake  by  the  yellow  colour, 
and  have  taken  the  muriate  of  ammonia  (sal  ammoniac)  for  suiphur, 
as  I  did  before  I  had  examined  it.  Sir  William  has  not  told  us  that 
he  made  any  examination  at  all ;  and  it  is  probable  that  he  judged 
fMily  from  the  appearance  it  presented  to  his  eye. 

He  ob^frves,  lastly,  that  the  crater  was  two  miles  and  a  half  in 
circumterence ;  an  estimate  which  may  be  made  to  agree  with  mine 
li>y  neglecting  the  partition  which  separates  the  greater  crater  from 
the  less,  and  considering  them  both  as  one.  The  sum  of  the  two 
circumferences,  according  to  the  estimate  I  have  given,  would  not 
Ihen  greatly  differ  from  the  meaiure  of  Sir  William  Hamilton. 
Nothing,  likewise,  can  be  more  probable,  than  that  among  the  va« 
rious  changes  that  have  liappened  to  Etna,  this  partition,  by  which 
|he  great  crater  is  divided  into  two  parts,  has  be^n  produced. 

Omitting  the  obseivation  of  Mr.  Brydone,  tiiat  *'  the  tremendous 
gulf  of  Etna,  so  celebrated  in  all  ages,  has  been  looked  upon  as  the 
terror  both  of  this  and  another  life,  that  inspires  such  awe  and 
horror,  that  it  is  not  surprising  that  it  has  been  considered  as  the 
place  of  the  damned  ;*'  and  reflections  of  a  similar  kind  which  he 
has  employed ;  and  confining  ourselves  to  what  he  actually  saw  on 
the  ogih  of  May  1770,  we  learn  from  him  that  '*  the  crater  was 
then  a  circle  of  about  three  miles  and  a  half  m  cireuiflference  i  that 
it  went  shelving  down  on  each  side,  and  formed  a  regular  hollow, 
like  a  vast  amphitlieatre ;  and  that  a  great  mouth  opened  near  the 
centre*. 

From  the  time  of  the  journey  of  Sir  William  Hamilton,  therefore, 
to  that  of  the  visit  of  Brydone,  that  is  to  lay,  within  the  short  qiace 
of  a  year,  various  changes  had  happened  to  tliis  volcano,  by  the  en* 
(argenient  of  its  crater,  and  a  spacious  aperture  formed  in  its 
bottom. 

Count  Borcb  appears  to  have  wished  to  exceed  the  three  other 
travellers  in  brevity,  relative  to  thb  subject:  since  he  only  tells  us 

•  Brydone*!  Toar  tbroagb  Sicily  and  Blalta,  Vol.  I.  p.  195, 199. 
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that  be  armed  at  the  rooantain  OB  the  Iflth  irf  Pecambcr  177ft  adi 
that  the  crater  of  Eina  is  formed  like  a  Anuiel.  He  adtl^  bowefd^ 
what  is  worthy  of  notice,  tliat  the  sammit  of  Etna  is  biiiireaMiL  ail 
observed  it  to  be :  a  cifvumstHnre  not  notictd  by  cihen.  Sir  WiUia 
Hamilton  even  affirmiiig  that  the  summit  of  the  mootttam  issiDyle; 
whence  we  may  conclude  that  one  of  tliese  sumaiits  km  beee  pva* 
dnced  since  the  time  of  the  journey  of  Brydone»  in  177(K 

On  comparing  the  above^cited  observatioiMy  asaiie  wftUir  the 
space  of  twenty-one  years^  we  may  perceive  how  ttMiy  obangea  liave 
t^en  phice  in  Etna  during  that  mterval;  and  ms  wittm  llMa  tts^ 
the  mountain  has  suffered  only  two  violent  eoiffitsioiia»  hi  the  crap- 
tions  of  1781  and  I787>  it  is  evident  that»  even  in  the atate  of  appa* 
rent  inactioOy  it  still  internally  exerts  its  fbroe. 

To  these  observations  it  may,  likewise,  not  be  wklioat  otility  to 
add  those  of  M.  D'Orville.  He  ascended  Etna  m  l/ST*  and  le- 
narked  two  craters^  one  larger  than  the  other.  The  latter  lie  oaly 
mentionsi  but  the  former  he  describes  at  some  leaglii.  Its  dvcnn* 
ferenee  was,  perhaps,  somewhat  more  than  four  nedlca.  From  k 
issued  clouds  of  smoke  and  reddish  flames.  These,  liowever,  did 
not  prevent  his  approaching  to  the  edge  of  the  gulf;  tiioiigh,  tapua* 
vent  the  danger  of  falling  into  it,  he  and  his  oonpanioiis  AsCHRd 
themselves  to  a  rope  held  by  three  men*  On  looknig  into  the  crater, 
they  were  unable  to  discern  the  bottom,  on  account  of  the  fhsnes 
and  smoke :  they  only  observed  that  a  conical  hill,  fbrmed  of  kvs, 
rose  b  the  mi<ldle  of  the  crater,  tlie  top  of  which  they  estimated  to 
be  sixty  feet  below  them ;  and  they  were  able  to  see»  perhaps,  aboot 
aixty  feet  lower :  where  they  conjectured  (he  circuit  of  this  IM  Mtd^ 
be  from  six  hundred  to  eight  hundred  feet  *. 

We  have  here  a  remarkable  circumstance  rdativ e  to  £tQa»  as  it 
appeared  in  the  time  of  M.  D'Orville^  and  not  observed  by  any  one 
of  the  four  travellers  above  cited— I  mean  the  conical  bin  withh 
the  crater*  Eveiy  observation,  therefore,  tends  to  confirm  the  h 
stancy  of  the  internal  configuration  and  dimensions  of  this 
It  is  an  extmguished  forge,  which,  in  proportion  to  the  violence  of 
the  fire,  to  the  nature  of  the  ibsnl  matters  on  which  it  acts,'  and  af 
the  elastic  fluids  which  urge  and  set  it  m  motion^  jModuces,  destroys, 


•  Jacob!  Philippi  D'OnriUe  Sicala, 
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and  re»producte  vdriotis  forms*  The  qsiaI  and  natural  figure  of  the 
anmniit  of  a  volcanic  mountain  b  that  of  an  inverted  concave  cone 
within,  and  one  solid  and  erect  without ;  and  such  a  configuration* 
io  countries  which  are  no  longer  in  a  state  of  conflagration*  is  one  of 
the  most  certain  indications  of  the  existence  of  an  ancient  volcano^ 
This  cone>  however,  b  liable  to  very  great  changes;  according  to  the 
greater  or  less  fury  of  the  volcano*  and  the  quantity  and  quality  of 
the  matters  qfe^ted*  Its  internal  part,  from  more  than  one  cause*  k 
exposed  to  continual  violence  and  change.  The  prodigious  cavities 
•f  the  mountain  make*  it  almost  appear  suspended  in  the  air.  It 
may  easily*  therefore*  give  way*  and  ikil  in  j  especially  on  the  violent 
impulse  of  new  matters  which  endeavour  to  force  a  passage  through 
the  upper  part ;  in  eonsequence  of  which  the  inverted  cone*  aooord- 
ing  to  circumstances^  present  the  appearance  of  an  aperture,  or 
whirlpool*  or  a  gulU  Should  the  liquid  lava  pass  through  the  aper- 
tilre*  and  oootiniie  there  some  time*  its  superficies*  by  the  contact  of 
the  ooid  air,  losing  its  heat  gradually*  would  congeal^  and  foiui  a 
crust  or  solid  plane  (  and  should  the  fluid  lava  beneath*  aAerwai^ 
act  forcibly  on  this  crust*  it  might  burst  it*  or  make  a  passage  wheie 
it  found  least  resistance;  in  which  case  the  melted  lava  would  occupy 
that  aperturcw  Should  then  the  crust*  instead  of  ascending  in  a 
tingle  body*  be  forced  up  in  small  nragments*  these*  cooled  in  the 
air*  would  AM  down^  in  immense  quantities*  within  the  crater^  and, 
from  the  eficjct  of  the  laws  of  gravity*  must  accumuhite  m  the  figurs 
«f  a  cone.  These  theoretical  conjectures*  if  they  do  not  perfectly 
nxpfauo*  may  at  least  enable  us  to  concehre*  the  nature  of  the  causca 
which  have  produced  the  diflference  of  appearance  observed  at  dil^ 
fersnt  times  m  the  crater  of  Etna* 

It  is  nHich  to  be  regretted  that  we  have  no  history  of  Etna; 
which*  did  we  possess  it*  must  greatly  contribute  to  duddate  the 
theory  of  volcanoes*  and  the  causes  of  the  various  changes  wkaeh 
have  taken  place*  at  different  times*  in  the  sununit  of  thb  mountain. 
That  such  changes  have  happened*  b  evident  from  the  few*  but  va^ 
luable*  notices  concerning  Eti»,  which  we  find  in  ancient  authon. 
Of  these  I  rimll  briefly  tftate  two  or  tbrte  which  appear  to  be  of 
most  impoftano^. 

I  shall  first  produce  the  authority  of  Sttabo,  thooj^  he  was  not 
himself  an  ocular  witness  but  refied  on  the  information  of  othen^ 
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who  hid  vUted  Etna,  and  from  whom  lie  received  tlie  acK-ount, 
••  Tint  tbe  summit  was  a  level  plain,  of  about  twenty  ttadiiB 
atramftnact,  »utromi(ieil  by  a  brow,  or  ridge,  of  the  heigbr  of  i 
mil ;  and  in  the  iriidOle  a(  the  plain  arose  a  sinoky  bill,  tbe  smokt 
of  whicb  ucendfd  in  a  <1irect  line,  to  the  (leigbt  nf  two  hundred 
ftet." 

Ifncconiider  ibis  description  asarcurate,  the  crater  of  Etna  wu 
St  that  time  anrroundrd  by  a  brow  or  ridge,  wihidi  I  sitouid  expbia 
■>  the  Bide*  or  et)ges  ;  aiid,  in  the  lower  part,  «■&  sqaratcd  bji  i 
BMMint  rish^  in  the  middle  '.  Tbe  same  geographer  relates  that  Iwt 
men,  having  ventured  to  descend  (ipi>n  ihat  plain,  were  obliged  iiv 
medialely  to  reluru,  from  the  violence  of  ibe  heal. 

Solinus  telli  ai  thai  ihere  were  two  craters  from  which  the  \-apoiin 
kuedf. 

Cardinal  Bcmbo  likewise  fnund  two  craters  od  Ibe  sainmil,  the 
aiw  higher  than  Ibe  olber,  and  about  as  far  disiaui  as  a  itoiie  might 
be  thrown  from  h  sling.  'Die  extreme  violence  of  Ihe  wind,  and  ibt 
csbaliag  fumes,  prevented  him  from  approaching  the  upper  crater. 
The  lower  he  found  to  be  formed  like  an  immense  pil,  and  ku* 
lounded  with  b  plain  of  no  great  extent,  which  was  so  hot  that  bt 
couhl  not  bear  his  band  on  it.  From  its  mouth,  as  from  a  chiiuM^, 
continually  isiued  a  column  of  smohe. 

Of  the  olber  crater,  which  be  could  not  observe  himself,  he  re- 
cetred  a  dociiplion,  at  Catania,  from  a  monk,  who,  he  aunrfs  as, 
m*  a  man  dcKTving  of  credit,  and  well  acquaiiited  with  such  iub- 
jectt.  He  informed  him  that  this  craterwas  situated  on  the  higbol 
pairt  of  the  summit  of  Etna;  that  it  wag  about  three  miles  in  circum- 
ference i  formed  like  a  funnel ;  and  that  it  had  in  the  niidiilK  ■ 
q>acioui  cavity.  He  asserted  tliitt  be  hud  made  a  circuit  of  il,  along 
a  kiod  of  narrow  ridge ;  that,  from  time  to  lime,  it  threw  nut  stonei 
and  burning  matters,  to  a  considerable  height,  roaring,  and  shskio; 
tbe  ground;  but  that,  io  the  intervals  when  it  was  undisturbed,  be 
bad  observed  it  without  dangtror  difficulty. 

•  This  obsemlion  atcrees  wKh  IhX  of  D'Orrme  menlionerf  aboit.  1  6ri, 
likewiu,  (halilmilar  mounu  have  somrtimn  bees  llirown  ap  nittiiD  Ibe  crater 
«f  Vaaviu.     De  Baiiii  r^taria  di  tiarj  incendj  dtl  yauvio- 

f  In  Elnai  * ertlcc  Liatui  duo  utiii,  cniterct  aitauaui,  per  qmm  enctu* 
•niDpit  rapor.    Cap.  xi. 
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In  the  time  of  Fasello»  however,  who  visited  Etna  after  Cardinal 
Bembo,  there  were  no  longer  two  craters,  but  only  one ;  the  circum- 
ference of  which  as  he  informs  us,  was  four  miles.  It  had  the  usual 
form  of  the  funnel,  emitted  fire  and  thick  smoke,  but,  at  intervals, 
was  calm,  and  might  be  approached ;  at  which  times  a  subterraneous 
noise  was  heard,  and  a  sound  like  that  of  the  boiling  of  an  immense 
caldron  on  a  vast  fire.  These  observations  were  made  by  him  in 
1541,  and  1554;  in  both  which  years  the  crater  appears  to  have 
been  single  *. 

These  iew  citations  appear  to  me  sufficient  to  shew  what  changes 
have  taken  place  in  the  summit  of  Etna,  relative  to  the  number,  the 
form,  and  the  size  of  its  craters,  according  to  the  different  efiects  of 
its  conflagrations  at  difierent  times.  But  there  is  likewise  another 
alteration  which  should  not  be  passed  unnoticed,  described  by 
two  writers  who  themselves  observed  it,  Fazello  and  Borelli;  I 
mean  the  ialling-in  and  absorption  of  the  extreme  summit  of  Etna 
within  its  crater.  The  former  of  the  abovementioned  authors  re« 
lates  that,  in  his  time,  there  arose,  in  the  mouth  of  the  crater,  a 
little  hill,  isolated  on  every  side,  which  formed  the  vertex  of  the 
mountain  5  and  which^  in  a  terrible  eruption,  fell  into,  and  was 
buried  in,  the  gulf,  thus  enlarging  the  crater,  and  diminishing  the 
height  of  the  mountain.  This  hill  itself  had  been  produced  by  a 
former  eruption  in  1444*. 

In  like  manner^  Borelli  informs  us  that,  in  the  conflagration  of 
1669,  the  summit  of  £tna»  which  rose  like  a  tower  to  a  great  height 
above  the  part  which  is  level,  was  swallowed  up  in  the  deep  gulf f. 

I  have  already  said,  that  when  I  visited  Etna  its  summit  was  di« 
tided  into  two  points,  or  little  mountains,  one  of  which  rose  a 
quarter  of  a  mile  above  the  other.  I  should  not  be  surprised  were 
I  to  hear  that,  in  some  new  and  fierce  eruption,  the  highest  of  these 
bad  fidlen  in,  and  the  two  craters  become  one  of  much  larger  dimen- 
flions.  We  know  that  the  summit  of  Vesuvius  ha^  sometmies  fidlea 
down  in  the  same  manner ;  nor  does  it  appear  difiicult  to  assign  the 
cause.  It  seems  to  admit  of  no  doubt  that  the  highest  parts  of  Etna 
and  other  mountains  which  vomit  fire  from  their  summits^  have  thdr 


«  Fszel.    8ie.  f  Ubi  roj^  f  Ubi  rap. 
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foimdatioiis  on  the  sides  of  the  rrater,  which  extend  to  aa  imiiMiK 
depth.  In  anj' violent  earthquake,  therefore,  or  impvtuoQs  shock  of  ibt 
lava  eodcavouriti^  to  force  a  passage,  it  ma;^  easily  be  imagtued  liml 
iboM  foundations  must  be  torn  up  unci  hroken  away,  and  tliesumiiut 
of  the  volcano  fnll  aad  ht  lost  in  the  gulf. 

These  ililapiilations  have  not,  Liowever,  from  time  imnwffloriol, 
produced  any  sensible  dimiDiition  of  the  height  of  the  summit  of 
Etna ;  since  the  looses  occa-^joued  by  some  eruplioDs  are  repaired  by 
others  which  follow.  Tiiis  may  be  inferred  from  a  pheiioinetioD 
usually  inseparable  from  the  summit  of  Etna,  though,  by  a  tare  ac- 
cident, not  observable  at  Uie  time  of  my  journey ;  1  mean  the  in 
and  snow  with  which  it  is  covered.  Had  any  considerable  decrease 
of  the  height  of  the  mountain  taken  place,  in  consequence  of  Ibc 
summit  repeatedly  falling  in  in  former  ages,  the  ice  and  snow  would 
not  certninly,  in  a  climate  so  mild,  have  continued  loeuvdop  tbe 
top  of  the  mountain,  as  they  now  Ao,  even  duriog  the  greatest  heats 
of  summer.  But  this  continual  resirlence  of  the  enow  and  ice  on 
Etna  has  been  celebrated  by  all  anti([uiiy :  for  near  observation  wtf 
not  necessary  to  asccrtaiii  this  pheuomeuon,  unce  it  is  distinctly  ^^■ 
parent  at  the  distance  of  a  hundred  miles.  "  Adiceiidtl  ea  regio  (tayi 
Fazello,  speaking  of  the  Upper  Uegion  of  Etna)  passuum  ruillia  feie 
xii.;  qua  per  hyenieiu  tola  nivibus  obsita  exfreinisque  frigoribus 
riget :  per  ntatem  quoque  nulla  sui  parte  nee  canitie  oec  gela  caRt: 
quod  eqnidem  admiratione  dignum  est;  cum  rertes  incmdia  pnpc 
MOfrftenn  jngi  flammarora  ernctatimie  inter  nives  iptas  paria^  eon- 
Iriat,  ac  cantinnet."— "  This  region  extends  neariy  twdve  mile)': 
and,  e»en  in  summer,  is  a.lmost  perpetually  corered  wrlli  soow,  and 
eatremely  cold  ;  which  ii  the  more  wonderful  ai  Hwflimmtt  centi- 
mnHy  produces,  noatisfaes,  and  pours  fbrtb  flaiBC>,anudtbeioe  and 
mow  with  which  il  is  enveloped." 

Solinus  ami  8i!ius  ttalicns  gire  the  same  description.  Hie  (bnner 
■■y> — "  Hirtim  est  quod  in  ilia  ferrentis  natum  perricada  mixlas 
ignlbua  (Etna)  nires  profeit :  et  licet  vaatis  exnndet  incaidtis,  q>iica 
canilie  perpetaio  bmmalem  detinetfetriem*." — *•  fitna,  in  a  wonder- 
twi  nanaer,  ekhibits  snows  mixed  with  fires;  and  letvns  ereij 
appearaace  of  the  severest  winter,  amid  her  vast  conflagrations." 
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Silios  ItaUcns  has  the  followiDg  lines : 

Smnino  cam  jago  cohibet  (mirabile  dicto) 
Yieinaa  flammis  glaciem,  vteraoqae  rigore 
Ardentes  borreat  scopuli  $  stat  vertice  celii 
CoUit  byemi,  caltdaqoe  nivem  tegit  atia  favilla  *• 

Where  bnrniog  Etna,  towering,  threats  the  skies, 
'Mid  flames  and  ice  the  lofty  roclis  arise ; 
The  fire  amid  eternal  winter  glows. 
And  the  warm  ashes  hide  the  hoary  snows. 

And  since  I  have  quoted  one  poet,  I  will  cite  two  others;  Claudian 
and  Pindar ;  as  it  is  sufficiently  evident  that  poetry  here  must  ex« 
piess  truth  and  not  fiction. 

Sed  qoamvis  nimio  fervens  eznberet  esta, 
Scit  niyibtts  servare  fidem :  pariterque  fitvillis 
Dorescit  glacies,  tanti  secora  vaporis, 
Arcano  defensa  gelu,  famoque  fideli 
Lambit  coatigims  innozia  flamma  pmlnas  f . 

Amid  the  fires  accnmolates  the  snow. 
And  frost  remains  where  burning  ashes  glow  s 
0*er  ice  eternal  sweep  th*  inactive  flames. 
And  winter,  spite  of  fire,  the  region  claims* 

Thus  the  Latin  poet;  but  the  Greek  has  given  us  a  pictnie  of 
Etna  much  more  highly  coloured,  representing  it  not  opiy  f^  the 
eternal  abode  of  snows,  h^t  as  the  column  of  heaven,  to  eiyv^ss  iU 
astonishing  height* 

Ift^Mrr  'AiTMi  w»nnt 
Xmtig  i{i4a«  riBtf  :(• 

—Snowy  Etna,  nurse  of  endless  frost, 
The  mighty  prop  of  heaven. 

It  is  to  be  remaiftisd  that  Kodar  lived  five  hundred  yeass  befim. 
the  Christian  ?um.. 
I  now  return  from  this  digression,  whichj  though  not  mdeed  veiy 

short,  appieiui  to  me  p^edly  appropriate  to  the  Miti^;  «ld.piOr. 

. • 

■*    '    I       ■  !■    ■    I  II  I  I   II         II  ■■  I  ■  II    II       I      ^1^,^        II     I      — ^^-^w^f^    , 

•  Lib*  xi^.        f  Chuid.  de  Rapt.  Prot,       |:  Pfjid.  Pytb.  Qd«'  U  .:. 
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cccd  to  Rfume  my  narrative.  I  shall  fint  iipeak  briefly  of  ft 
meDon  lelaiive  to  the  tinoke  which  arises  from  the  omler  of  EIm, 
and  which  was  seen  difiere ntly  by  Mr.  Brydoae*  Covnt  Borcb*  ani 
myself.  Mr.  Brydmie  tells  us  that,  *'  from  nnny  plncea  of  the  ctaler 
imie  volumes  of  sulphureous  smoke,  which  being  asuch  heavier  thaa 
the  circumambient  nir,  insteaAcl  of  rising  b  it,,  as  am<Ae  gOKnOy 
does,  immediately  on  its  j^e tiin§  out  of  the  cnrter^  roils  down  the 
side  of  the  mountain,  like  a  torrent,  till  commg  to  thai  part  o#  the 
atmospliere  of  the  same  specific  gravity  whh  itself,  it  siiooCa  oiTlio- 
rizoutaliy,  and  forms  a  large  track  in  the  air  accoidiiif  to  the  dine* 
tion  of  the  wind.*' 

On  the  contrary,  the  smoke  when  seen  by  Coimt  Borcb,  at  tlie 
intervals  when  the  air  was  calm,  arose  per|)endiciilarly  to  a  great 
height,  and  afterwards  fell,  like  white  fleeces,  on  the  top  of  the 
monntain.  I  siiall  not  presume  to  doubt  these  two  ftcts,  tboiigh  I 
observed  neither  of  them.  The  two  colunms  of  smoke  which  I  saw» 
though  bent  somewhat  from  the  perpendicular  by  the  arind,  ascended 
with  the  usual  promptitude  ot  ordinary  smoke  (a  certain  proof  that 
it  was  considerably  lighter  than  the  ambient  aur),  and,  when  at  a 
great  height,  became  extremely  rarefied  and  disfiersed.  Tbb  diAr* 
ence  in  the  appearance  of  the  smoke,  as  observed  by  tiia  two  authors 
before  mentioned  and  myself,  may  arise  not  only  from  tlie  gravity 
of  the  air  on  Btna  lieing  different  at  difierent  times,  hut  also  ftom  the 
diversity  of  the  smoke,  which  may  be  sometimes  lighter  and  sometiaiei 
heavier  than  the  air  that  surrounds  it ;  differing  in  its  nature  according 
to^the  quality  of  the  bubstances  from  which  it  h  produced.  Such  a 
variation  in  its  specific  gravity  must  induce  us  to  conclude  that  the 
bodies  which  burn  within  the  crater  are  specifically  different. 

The  effects  of  the  air  at  tlie  summit  of  Etna,  as  eiperienced  by 
myself  and  some  of  tlie  travellers  I  have  before  cited,  were  likewise 
difierent  Sur  William  Hamilton  tells  us,  that  the  thinness  of  that  fkiid 
occaskmed  a  difficulty  of  respiration ;  and  Count  fiorch  appears  to 
have  experienced  a  still  greater  inconvenience  of  that  kind,  sioee  be 
says — '*  The  rarity  of  the  air  on  this  mountain  b  eatremely 
and  almost  renders  that  fluid  unfit  tor  respiration.'*  On  the 
trary.  Baron  Riedesel  felt  no  such  effect,  as  far  at  least  as  we 
judge  from  hb  own  words.  **  Tdid  not  perceive,  as  aeveral  tra- 
vellers have  asserted}  that  the  air  here  is  so  thin  and  tarefied  as  to 
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|tt€?eiit»  or  or  at  least  greatly  incomniode,  respirafion.**  Mr.  Bry. 
done  has  said  nothing  on  tbe  subject,  and  his  silence  may  induce  us 
to  conclude  that  he  experienced  no  difficulty. 

I,  my  servant,  and  two  guides,  suffered  no  inconvenience  from 
tbe  air.  The  exertions  we  had  made,  indeed,  in  climbing  up  the 
craggy  steep  declivities  which  surround  the  crater,  had  produced  a 
shortness  of  breathing;  but  when  we  had  reached  the  summit,  and 
recovered  from  our  weariness  by  rest,  we  felt  no  khid  of  inconveni- 
ence, either  while  sitting,  or  when,  incited  by  curiosity,  we  went  round 
and  examined  different  parts  of  the  edges  of  tbe  crater.  The  same  ii 
affirmed  by  Borelli :  ^*  Mquk  bene  respiratio  in  cacumineiEtnae  absol* 
vitur,  ac  in  locts  subjectis  campestribus.'' — *'  Respiration  is  performed 
with  the  same  ease  on  tbe  top  of  Etna,  as  in  tbe  country  below.* 

Several  writers  have  treated  of  the  difficulty  of  respiration  expe- 
rienced by  those  who  travel  over  high  mountains,  and  other  incon* 
▼eniencies  to  which  they  are  exposed ;  but  none,  in  my  opinion, 
more  judicionsly  than  M.  Saussure,  in  his  Travels  among  the  Alps. 
The  observations  he  has  niade  appear  to  me  to  expkiin  the  cause  of 
tBese  different  accounts  relative  to  the  effect  of  tbe  air  on  the  top  of 
Etna.    Wlien  the  height  above  the  level  of  the  sea  was  2450  poles, 
or  nearly  such,  which  he  found  to  be  that  of  Mount  Blanc,  every 
individual  felt  more  or  less  inconvenience  from  the  rarefaction  of 
the  air,  as  happened  to  himself  and  nineteen  persons  who  accom- 
panied him,  when,  in  August  i7S7,  he  ascended  that  mountain. 
But  when  the  elevation  was  much  less,  as  for  example  IQOO  poles, 
some  of  these  persons  felt  no  difficulty,  among  whom  was  this  na* 
turalist ;  though  he  confesses  that  he  began  to  experience  iuconve- 
nience  as  lie  ascended  higher.    We  have  not  indeed  any  certain 
observations  relative  to  the  exact  heislit  of  Etna,  as  is  sufficiently 
proved  by  the  different  estimates  given  by  different  naturalists. 
Signor  Dangois,  however,  astronomer  at  Malta,  in  the  year  1787, 
measored  the  height  of  this  mountain  by  a  geometrical  metbody  and ' 
the  public  anxiously  expects  the  results,  which  will  satisfiictorily 
solve  tills  important  problem.    In  the  mean  time,  from  comparing 
tbe  measures  hitherto  assigned,  the  elevation  of  Etna  above  the 
level  of  the  sea  is  probably  somewhat  less  thaiT  19OO  poles.    Henct 
we  understand  why  respiration  in  many  persons  b  not  incommoded, 
while  the  contrary  happens  to  others,  according  to  tbe  different 
ftreagth  and  habit  of  body  of  different  individuals. 

▼OL.  I.  2  F 
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Afker  IwTiiig  for  two  hours  indulged  nj  «3Pa  with  n  ww  •#  At 
interior  of  the  crater^  that  i^  in  the  cortewplntiaD  off  m  ipecticli 
which,  w  its  kind,  and  in  the  present  age,  is  without  ^paffuUtl  ioAe 
world :  I  turned  them  to  another  scene,  whkh  is  likewise  BDOfualkd 
for  the  muUii^icity,  the  heautj  and  the  variety  of  olyects  it  |ire- 
sents.    In  fact,  there  is  perhaps  no  elevated  regMm  on  tlM  whole 
glohe  which  ofiers,  at  one  view,  so  anqrfe  an  ostent  of  sea  mad 
land  as  the  summit  of  Etna.    The  first  of  the  subliaae  ol^jeda  which 
it  presents  is  the  immense  mats  of  its  own  toloewil  body.    Wbco  in 
the  country  helow  it,  near  Catania,  we  raise  our-  cyos  to  lliis  aoue- 
r^gn  of  the  mountains,  we  certamly  survey  it  with  adasfaalioB,  as  it 
rises  miyestically,  and  lifts  its  lofty  bead  above  the  douds;  and  with 
a  kind  of  geometric  gUmce  we  estunate  its  height  ftom  the  base  to 
the  summit ;  hut  we  only  see  it  in  profila.    Yeiy  difleteat  is  lbs 
appearance  it  presents,  viewed  firon  its  toweripg  top^  when  the 
wbok  of  its  enormous  bulk  is  sulyected  to  the  eye.    Urn  first 
part,  and  that  nearest  the  observer,  b  tlit  Upper  Regpoor  wUdi, 
from  the  quantity  of  snows  and  ice  beneath  which  it  is  boiied  during 
the  greater  part  of  the  year,  may  be  called  the  (npd  Bone,  bnl 
which,  at  that  time,  was  divested  of  this  eovering^  and  onty  eihi- 
bited  rough  and  craggy  clift,  here  piled  on  each  other,  and  there 
separate  and  rising  perpendicularly ;  fearfal  ta  view  and  iflspoesihlc 
to  ascend.    Towards  the  middle  of  thb  aone,  an  assemblage  of 
fugitive  clouds,  irradiated  by  the  sun,  and  all  in  motion,  increased 
the  wild  variety  of  the  scene.     Lower  down,  appeared  the  Middle 
Region,  which  from  the  mildness  of  its  climate,  may  merit  the  name 
of  the  temperate  zone.    Its  numerous  woods,  interrupted  in  various 
places,  seem,  like  a  torn  garment,  to  discover  the  nud/ly  of  the 
mountain.     Here  arise  a  multitude  of  other  mountains,  which  in  any 
other  situation  would  appear  of  gigantic  size,  but  are  but  pigmies 
compared  to  Ktua.    These  have  all  originated  from  fiery  eruptions. 
Lastly,  the  eye  contemplates,  with  admiration,  the  Lower  Region, 
which,  from  its  violent  heat,  may  claim  the  appellation  of  the  torrid 
sone ;  the  most  extensive  of  the  three,  adorned  with  elegant  villas 
and  castles,  verdant  hills,  and  flowery  fields,  and  terminated  by  the 
extensive  coast,  where,  to  the  south,  stands  the  beautiful  city  of 
Catania,  to  which  the  waves  of  the  neighbouring  sea  serve  as  s 
mirror. 

Rut  not  only  do  we  discover,  from  this  astonishing  elevation,  tbe 
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entire  mtity  body  of  Mount  Etna ;  but  tlie  whole  of  the  island  of 
Sidly^  with  nil  its  noble  cities,  lofty  hills,  extensive  plains,  and 
meandering  rivets.  In  the  indbtind  distance  we  perceive  Malta ; 
but  have  a  clear  view  of  the  environs  of  'Messina,  and  the  greater 
part  of  Calabria  i  while  Lipari,  the  fuming  Vulcano,  the  blasmg 
Stromboli,  and  the  other  Eolian  isles,  appear  immediately  under 
our  feet,  and  seem  as  iff  on  stoophig  down,  we  might  touch  then 
with  tJie  finger. 

Another  object  no  less  superb  and  majestic,  was  the  iar-stretching 
surfice  of  the  subjacent  sea  which  surrounded  me,  and  led  my  eye 
to  an  immense  distance,  till  it  seemed  gradually  to  mingle  with  the 
beavensk 

Seated  in  the  midst  of  this  theatre  of  the  wonders  of  nature,  I 
felt  an  indescribable  pleasure  from  the  multiplicity  and  beauty  of  the 
objects  I  surveyed,  and  a  kind  of  internal  satisfaction  and  exultation 
of  heart*  The  sun  was  advancing  to  the  meridian,  unobscnred  by 
the  smallest  cloud,  and  Reaumur's  thermometer  stood  in  the  tenth 
degree  from  the  iVeesing  point.  1  was  therefore  in  that  tempera- 
tiiie  which  is  most  friendly  to  man ;  and  the  refined  air  I  breathed, 
as  if  it  had  been  entirely  vital,  communicated  a  vigour  and  agility 
to  my  limbs  and  an  activity  and  life  to  my  ideas,  which  appeared  to 
be  of  a  celestial  nature. 

iSpalamumVi  TVawIr.] 


CHAP.  XL 

VOLCAMOBS  OF  THB  LIPARI  ISLANDS. 

To  the  northward  of  Sicily  lies  a  cluster  of  smidl  islands^  almost  all 
of  which  eontam  Tolcanoes,  that  of  Stromboli  bemg  the  chief.  The 
crater  of  this  last »  peculiarly  characterised  by  its  frequent  momen- 
tary eruptions  of  stones,  which,  in  consequence  of  its  being  confined 
on  the  side  of  a  hill,  are  thrown  back  by  a  recoil,  and  relapsing  into 
the  volcano  supply  it  afinesh  with  endless  materials.  *  The  ishmd  of 
this  group,  which  is  named  Vulcano,  has  a  larger  crater,  but  its 
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materiab  seem  eximiisted.  The  ble  of  lipvi,  cwitaihhig  Am  MfV  cf 
the  same  name,  lu-etciits  vast  rocks  of  irolca&fe  glaas;  wad  it  m  Ami 
the  hill  called  Campo  Bmnco,  three  niilcsfran  the  toim  of  li^^ 
Europe  is  chiefly  supplied  with  pamiee-stoneifMr  dlAiuit  pwpdtei. 
Felicuda  aod  Alicuda,  the  two  eatrenie  Upofiaa  lalaiidB  tD»Msbthf 
west,  display  equal  proofi  of  their  haviog  fonnerty  iwitiiwid  vof- 
caooes)-  aod  modem  authors  have  uiicofered  aimilar  tneea  ai  tiM 
isle  of  Ischia,  aod  in  those  of  Pensa  to  the  north  of  tbe  gvl^  of 
Naples;  while  tbat^of  Capri»  to  the  south  of  the  NcapolilHi  gidpb, 
ji  supposed  to  be  chiefly  calcareous. 

Tlie  best  aceouat  we  have  received  of  the  vokane  phnw^NBes 
of  Stromboli  is  that  of  Spalancani,  from  whom  we  shall  take  leave- 
to  present  our  rcadeis  with  the  fcw  fbUowiag  detached  eatncb^ 


laHALL  DOW  proceed  to  relate  what  I  observed  relatiwslo  the  vol* 
cano  ott  the  oight  of  the  1st  of  October.  My  lesidete  was  m  m 
eottage,  on  the  north  side  of  the  island,  about  half  a  nnle  finMB  the 
sea,  and  two  miles  from  the  volcano ;  but  so  situated  that  the  ekod 
of  smoke  round  the  mountain  scarcely  permitted  ae  to  see  the  fop 
of  the  fiery  ejections.  I  employed  more  hours  of  the  night  in 
mailing  my  ohaervatioBs,  than  I  permitted  myself  ibr  repose ;  and 
the  following  is  a  brief  summary  of  the  principal  apptaiamci  I 
noticed. 

The  south-east  wind  blew  strong.  The  sky,  which  was  clear,  the 
moon  not  shining,  exhibited  the  appearance  of  a  beautiful  aurora 
borealis  oyer  that  part  of  the  mountain  where  the  volcano  is  situated, 
and  which,  flrom  time  to  time,  became  more  red  and  brilliant,  when 
the  ignited  stones  were  thrown  to  a  greater  height  from  the  top  of 
the  mountain.  The  fieiy  showers  were  then  more  copious,  and  the 
explosions  which  followed  them  louder,  the  strongest  resembling 
those  of  a  large  mine  which  does  not  succeed  properly,  from  some 
cleft  or  vent.  Every  expfeskm,  however,  slightly  shook  tbe  house 
in  which  I  was,  and  the  degree  of  the  shock  was  pioportmnnle  la 
tbe  loudness  of  the  sound.  1  do  not  believe  that  these  shocks  woe 
of  the  nature  of  the  earthquake ;  they  were  certahily  to  be  ascribed 
to  the  sudden  action  of  the  fiery  ejectioM  on  the  air,  whfeh  stniA 
the  small  house  in  which  I  was,  in  the  same  manuer  aa  the  dMmrge 
of  a  cannon  wUl  shake  the  wmdows  of  the  neighbouring  housfs^ 
and  sometimes  the  houses  themselves.    A  proof  of  this  i^  that  the 
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fiery  showers  always  were  seen  a  few  seconds  before  the  shock  was 
leU»  whereas  the  house  vras  so  near  the  volcano,  that,  had  it  been  a 
real  earthquake,  no  interval  of  time  would  have  been  perceptible* 

Before  the  morning  rose,  the  fiery  light  over  the  volcano  increas- 
ed so  much,  at  three  different  times,  that  it  illuminated  the  whole 
island,  and  a  part  of  the  sea.  This  light  was  each  time  but  of 
short  duration,  and  the  showers  of  ignited  stones  were,  while  it 
lasted,  more  copious  than  before. 

Go  the  morning  of  the  2d  of  the  ttame  month,  the  south-east 
wind  blew  stronger  than  ever,  and  the  sea  was  greatly  agitated. 
The  smoke  of  Stromboli  formed  a  kind  of  cap  round  the  top  of  the 
mountain^  which  descended  much  lower  than  on  the  preceding  day. 
I'fae  phaenomena  were  the  aiime ;  but  the  convulsions  of 'the  volcano 
were  more  violent.  The  explosions  were  very  frequent,  but  alvirays 
with  a  holk>w  sound ;  and  the  ejected  ashes  reached  the  scattered 
dwellings  of  the  people  of  the  island.  In  the  morning,  the  grouod 
appeared  very  plentifully  sprinkled  with  these  ashes,  as  they  wte 
called  by  the  natives ;  but  on  examination,  1  found  that  they  were 
not  properly  ashes,  but  very  finely  triturated  scoriae,  consisthig  of 
very  sroaU  grains^  of  no  determinate  form,  dry,  and  rough  to  the 
tOBch,  and  which  crumble  into  powder  under  the  finger.  They 
are  not  far^rom  a  vitreous  nature,  in  colour  between  a  grey  awd  « 
red,  semi-transparent,  and  bo  light,  that  some  will  float  on  the 
water^  Their  levity  proceeds  from  the  great  quantity  of  vesicles, 
or  pores,  which  they  contain,  and  which  causes  them,  when  view^ 
with  the  lens^  to  bear  some  resemblance  to  the  sea  production  6f 
oaknown  origin  called  savago  (favagginej. 

The  islanders  assured  me  that  these  eruptions  were  very  ineoo- 
sklerable  compared  with  others  which  bad  formerly  taken  plaee, 
dnriog  which  the  ashes  had,  in  a  few  hours,  formed  a  coTeringoter 
the  groiiml  and  the  booses  of  several  inches  thick ;  and  the  stones 
thr^mn  o«t  were  scattered  over  the  wlbole  ishmd,  to  the  great  da« 
mage  of  the  viiveyards  and  woods  whkb  were  near  the  volcano,  to 
which  the  flames  commiuicated*. 


■•?»• 


*  Tbete  ihowen  of  Band  and  pvWerised  scoriv  seoa  to  l>e  imepanO^lo  from 
volcanic  eniptioBf,  and  to  be  copiooi  in  proportion  as  the  latter  are  violent. 
Of  this  we  have  an  example  in  tlie  emption  of  Etna  In  1787,  when  the  sand 
ivas  carried  as  fiu^  as  Malta.  A  prodlgioos  space  is  weU  known  to  have  bcea  co- 
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As  Iht  day  advanced,  iba  hope  I  had  enterttined  that  I  AoM 
be  able  imiocdiately  to  ▼Wt  the  Tolcank  firet  rf  8tiMaboli»  giMtlj 
dUniDbbed:  »iiice  I  must  have  had  to  fmm  m  targe  tract  rf  Iha 
rooantaui  entirely  covered  with  smoke,  which  had  eslciidad  ilaelf 
•o  widely  through  the  air,  that  it  darkened  the  wlMle  iriaad.  I 
deferred,  therefore,  my  intended  jonmey  tUl  the  mst  day»  iksaU 
that  prove  more  fovourable,  and  employed  myaelf  at  ciaiiiini^g  the 
principal  productions  of  the  place. 

Wherever  I  placed  my  foot,  1  fouad  the  whote  dioia,  ta  tbt  caat 
and  north-east,  composed  of  a  Uack  volcaak  sand.  Thia  «a4  ii 
an  aggregate  of  fragments  of  shoerls,  as  has  been  veanrkcd  by 
M.  Dolomieu ;  but  when  we  view  it  with  tbe  leas,  we  diseaver,  be- 
sides the  shoerls,  which  are  entirely  opake,  and  are  attiaded  by 
the  magnet^  a  number  of  small  transparent  and  vitiaoas  badiei^  of 
a  yellowish  gr^n  tincture,  and  which  are  mseasibfte  ta  the  asagaee. 
I  was  doubtful  whetbet  these  were  likewise  fiagnMata  of  ahoeila. 
but  of  a  different  species,  or  whether  they  were  volpank  cfaryaalilca.; 
their  eitreme  minuteness  not  permitting  me  to  aioertain  Ibeir  nalare 
by  any  satisfactory  experiment. 

This  sand  ei(tends  into  tlie  sea,  to  the  distance  of  bmic  tbaa  a 
mile  from  the  shore;  as  appeared  from  its  adhering  to  the  loakea 
plummet,  wheo  it  had  been  previously  covered  with  tallow:  pro- 
(lably  it  reaches  to  a  still  greater  distance. 

The  sea  easily  penetrates  through  this  sand ;  for  if  any  part  of 
the  shore  be  dug  iuto  a  little  depth,  sea  water  is  found,  but  tender- 
ed somewhat  more  ffesh  by  having  left  a  part  of  its  salts  in  the 
sand ;  as  happens  to  tbe  ^me  water  when  it  issues^  drop  by  drop, 
through  a  long  tube  filled  with  sand,  through  which  is  is  filtered. 
The  fishermen  of  Stromboli,  when  they  are  in  want  of  fresh  water, 
frequently  dig  wells  on  the  shore,  and  drink  the  water  these  afford. 
This  sand,  as  has  been  already  said,  occupies  that  part  of  the 
island  which  fronts  the  east  and  the  north-east,  extending  on  the 
one  side  to  the  sea,  into  which  it  stretches,  and  op  the  other  to  the 
summit  of  tbe  mountain.  It  owes  its  origin  partly  ip  the  immrdiatf 
(Ejections  of  it  by  the  volcano,  and  partly  to  the  pieces  of  scoria- 
ceous  lava  thrown  out  by  the  same,  which  being,  as  baa  been 


vered  by  the  sand  rjected  from  Etna,  in  tlie  eruption  of  1660.  Thtn  k 
likewise  no  eroption  of  Vesmriiif  whicli  if  not  accooipanied  l>y  finilnr  •howco 
of  sand  and  ashes. 
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f xtreinely  friable^  and  greatly  lUliottndiDg  in  shoerls^  easily  deconi* 
pose  and  become  pulverized  in  ibis  sandy  matter.  In  fact,  nothing 
is  more  usual  than  to  find  in  it  fragments  of  thl^  scoriaceous  ]ava» 
of  various  sices.  This  sand  is  found  principally  near  the  volcano^ 
where  both  it,  and  the  scoriaceous  lavas  from  which  «t  is  formed. 
laJl  in  the  greatest  quantities ;  but  as,  from  its  fineness,  it  is  veasily 
moveable,  it  is  carried  by  the  wind  to  the  vallies  and  lower  grounds 
^uite  to  ^h^  sea. 

Thb,  however,  is  only  4he  ,thjo  upper  coating  of  those  parts  of 
StromboH  which  it  covers,  as  under  it  lies  the  firm  texture  of  the 
island ;  1  mean  the  solid  lavas,  which  are  Msible  on  several  steep 
descents,  tliat  have  been  sUipped  of  the  sand,  either  by  the  action 
of  the  rain-water,  or  that  of  the  wiuds. 

On  the  same  day  i  made  the  circuit  of  a  great  part  of  the  base 
of  the  island,  which  b  about  nine  miles  in  circumference,  and  founcf 
the  same  solid  constnicture;  a  small  tract  of  tufa,  ofi  the  north 
side,  excepted,  which  descends  to  4he  sea. 

In  this  excursion,  I  carefully  examined  the  course  and  direction 
of  the  lavas,  and  was  convinced  that  they  all  had  flowed  from  tha 
steepest  summit  of  the  mountain,  yixler  different  angles  of  inclina- 
tion, passing  one  over  another,  and  thus  forming  a  succession  of 
crusts,  or  strata,  like,  in  some  measure,  the  coatings  of  which  au 
onion  consists.  In  several  places  where  the  lava  has  entered  tha 
sea,  these  crusts  may  be  seen  lying  one  over  the  other^  some  ofthera 
broken  or  separated  by  the  shock  of  the  waves. 

These  facts  strongly  induced  me  to  suspect  thct  the  crater  of 
Stromboli  had  anciently  been  situated  on  the  summit  of  the  xnoan* 
tain,  and  that  the  lavas  which  had  principally  contributed  to  the 
production  of  the  bland  had  flowed  from  that  crater. 

The  following  night  I  returned  to  the  same  place,  persuaded  that 
I  should  see  new  objects  to  excite  my  admiration ;  and  in  fact,  the 
scene  I  beheld,  appeared  to  me  as  delightful  and  astonbhing,  as  it 
was  noble  and  majestic.  The  volcano  raged  with  more  violent 
emptions,  and  rapidly  hurled  to  a  great  height  thousands  of  red  hot 
stones,  formmg  diverging  rays  in  the  air.  Those  which  fell  upon 
the  precipice,  and  rolled  down  it,  produced  a  bail  of  streaming  fire, 
which  illuminated  and  embellished  the  st^p  descent,  and  diflTused 
jtsdf  around  through  a  considerable  spaici^^ 

Put,  independent  of  these  ignited  stones,  I  rei^iked  a  vivM  l%ht 
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in  the  air,  which  hovered  over  the  volcano,  and  waa  not  dJuiiuubd 
when  lliat  va  m  retl.  It  was  not  properly  flame,  but  real  l^bl 
reverberatid  bj  like  BtmospUere,  iinpregDHled  by  eiLtraiieotu  pu- 
Itcle*,  and  especially  Uy  ihe  asccndiitg  smoke.  Besidps  vaijii^  b 
il9  inteiisit)',  it  opfieared  constantly  in  motion,  ascended,  descended, 
ditaied,  and  conlracted,  but  cmianlly  continued  lixed  to  one  place, 
that  is,  over  the  moulh  of  the  volcano  i  and  cleuHy  shewed  that  it 
was  canscd  by  the  conflagration  within  Ihe  criiter. 

The  detonations,  in  the  greater  eruptions,  reiembled  tbe  disiani 
roar  of  thunder;  in  (he  more  moderate  the  explosioo  of  a  minei 
and,  in  the  Jea»t,  they  were  scarcely  acdible.  Every  detoaatWQwoi 
•ome  seconds  later  than  the  ejectit  Thb,  ULcwise,  was  obicrv- 
able  by  day, 

I  remained  that  niglil  two  Lours  ou  Ihe  water  at  this  place,  and 
•  the  etuptiijn^  were  so  freijuent,  and  with  such  short  ii]lenui»doiis, 
that  tliey  might  be  ^id  to  be  contitmal. 

Hnring  both  these  visits,  thick  showers  of  uuid  and  fine  Korix 
fell  mto  the  sea,  and  falling  on  my  hat,  which  was  of  oil  clulli,  made 
a  nobe  like  a  small  bail. 

The  live  sailors  who  bad  the  care  of  tbe  boat  iti  w  bich  I  wa.t,  and 
some  other  natives  of  Stromboh  who  werij  with  me,  and  who»  oc- 
cupation frequently  brought  tlivin  to  thiil  part  of  the  sea.  told  tne 
that  Ihe  volcano  might  now  be  considered  as  very  •jiiici;  aaaring 
me.  that,  in  its  greater  tils  of  fury,  red-hot  stones  were  (re^uemlj 
thrown  to  the  distance  of  a  mile  from  the  sliorc,  and  that,  coose- 
quenlly,  at  suoli  limes,  it  was  impossible  lo  remain  wiifi  a  boat  so 
near  liie  mountain  as  we  then  were.  Their  assertion  appeared  to 
me  sufficiently  proved  by  a  comparison  of  tbe  siie  of  (be  fragiuenls 
thrown  out  in  the  eRplosions  1  now  witnessed,  willi  thai  of  ihose 
wbicb  had  betu  ejected  in  several  former  ernplioiu,.  The  6isl 
Cuiniiy  of  which  had  been  stop|>cd  at  the  biittom  of  the  predpite 
by  other  pieces  of  lava,  and  were  scoriaceous  lavas,  approaching  to 
agloboie  form)  were  not  more  than  three  feet  in  diameter;  but 
many  of  tbe  fragments  thrown  out  at  other  times,  of  similar  qualtry 
to  thent,  and  which  lay  in  large  btaps  on  the  shore,  were  some 
four  some  live  feet  in  diameter,  and  others  even  still  larger. 

Tr.ueller3  have  generally  asserted  that  the  volcano  of  Stromboli 


baa  for  a  long  lime  discfav:^  ju  f^mift  tt^  ^^  without . 
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tioDs^  liowcver^  fkll  equally  on  every  side  around  the  ▼olcaoo; 
though  at  this  place  they  only  fall  into  the  sea,  and  in  that  sense 
their  assertion  is  weli-tbuoded. 

But  the  people  of  Stroniboli,  and  indeed  almost  all  tlie  inhabit- 
ants  of  the  Eolian  islands,  entertain  an  opinion,  equally  amusing 
and  paradoxical,  by  which  they  explaiu  why  that  part  of  the  tea 
which  is  contiguous  to  the  precipice  is  never  filled  up,  notwithstaod* 
ing  the  immense  quantities  of  stones  which  have  been  continually 
falling  into  it  from  time  immemorial ;  wher6»  instead  of  a  peninsula 
having  been  formed  by  those  stones,  as  miight  naturally  have  been 
expected,  the  sea  b  generally  said  to  have  no  bottom*  To  explafai 
thb  apparent  paradox,  these  good  folks  aifirm,  with  the  most  entire 
conviction  that  what  they  say  is  true,  that  the  stones  of  the  volcano 
which  fall  into  the  sea  are  attracted  again  by  the  mountain  through 
secret  passages;  so  that  there  is  a  constant  circnlatton  firom  the 
volcano  to  the  }iea,  and  the  sea  to  the  volcano. 

I  did  not  attempt  to  controvert  their  favourite  hypothesis,  which 
would  have  been  to  no  advantage,  and  to  no  avail ;  but  I  caused 
that  part  of  the  sea  to  be  sounded,  and  foimd  it  a  hundred  and 
twenty-four  feet  deep,  which,  though  that  is  not  a  great  depth  in 
the  Mediterranean,  is  certainly,  in  this  place,  somewhat  surprising ; 
as  it  was  rather  to  be  expected  that  the  continual  discharge  of 
stones  into  it  should  have  produced  a  little  hill,  which  would  at  last 
(lave  emerged  above  the  waves. 

With  respect  to  the  time  when  this  volcano  began  to  exert  its 
activity,  and  to  melt  these  rocks,  we  are  profoundly  ignorant,  this 
being  an  epocha  anterior  to  ail  history.  We  must  be  contented 
with  tlie  imperfect  accounts  the  andents  have  left  us  of  the  eon- 
^grations  of  Stromboli,  which  did  not  burst  forth  in  their  time, 
but  ages  before.  Of  these  accounts  I  shall  proceed  to  give  a  con- 
cise view,  this  being  the  second  enquiry  it  was  proposed  to  make, 
and  it  will  aactssarily  be  brief,  as  the  notices  left  us  on  this  sul^oct 
by  the  aadcnta  ave  eatreoMly  few. 

Eustatius,  8oiinns»  and  Pliny,  inform  us  that  the  flamehof  Strom- 
boil  aiv  leaa  powerful  than  those  of  the  other  islands  of  lipari,  but 
that  they  exceed  them  in  clearness  and  spfcndour.  These  wiiteis, 
however,  were  only  the  copiers  of  StralMH  or  perhaps  some  abridg- 
ment of  lunw  m  which  he  is  copied  inoonectly.  We  shall  therefore 
bttM  leGMNM  to  tfcit  cetebrated  Orocian  geographer  himself;  who, 
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after  teving  mentiooed  lipari  and  Vvkmam,  and  tafarmed  m  tbi 
Stromboli  likewise  barns,  tells  us  that  the  latter  islaiMi»  coofHid 
to  the  others,  is  inferior  to  them  in  the  vMeiit  eiuplfciu  of  ib 
faiaesp  but  that  it  exceeds  them  in  theur  brigfatncM.. 

k  is  evident,  that  by  *'  the  other^*  Strabo  means  Valcno^ 
whieh  was  the  on! j  one  of  the  Eolhin  isles»  besides  Stronbol^  h  a 
state  of  conflagration  in  his  time.  When  I  oompars  StroaiboG  with 
Ynkauot  I  perceive  that  even  now  there  is  this  dilierence  between  the 
two  islands  that  the  flames  of  the  former  are  mnchasoreTespleodent 
and  Ih^y  than  those  of  |he  latter;  bat  I  cannot  say  that  those  of  Strom- 
boli are  less  violent,  as  the  contrary  n  oertsinly  the  fact.  We  mail, 
however,  conclude,  that  in  thosie  sges  the  eruptions  of  Vulcano  weie 
veiy  utroug  and  frequent,  which  sgrees  with  the  testimony  of  Dio- 
doms,  and  tlmt  of  /kgathocles  as  cited  by  the  Scholiast  on  Apollo- 
nius;  the  former  of  whom  asserts,  that  in  his  time  Volcano  and 
Stromboli  vomited  great  quantities  of  sand  and  homing  stones; 
and  the  latter,  that  these  two  islands  threw  oat  fire^  both  by  day 
and  night. 

There  is  another  chrcomstance  mentioned  by  the  SiGilisn  faistofni 
which  deserves  notice.  Thb  is,  tlmt  a  wind  issues  from  both  these 
islands  with  a  great  noise.  This  in  some  measure  agrees  with  the 
observations  I  made  at  Stromboli,  and  the  attentive  examiner  wU 
£nd  it  still  more  applicable  to  the  odier  island. 

Philip  Cluverius,  in  his  Sicilia  Antique,  speaking  of  Stromboli, 
tells  us  that  its  crater  is  situated  at  the  summit  of  a  mountain^  from 
which  it  pours  forth,  both  by  day  and  by  night,  with  a  horrible 
noise,  bright  flames  and  great  quantities  of  pumice  *•  In  one  of 
the  plates  prefixed  to  his  work,  this  ishind  is  represented  with  the 
smoke  rising  from  the  summit  of  the  mountain. 

Nearly  one  hundred  and  seventy-three  years  have  now  elapsed 
since  this  author  travelled  in  Sicily.  Ought  we  tlien  to  conclude, 
that,  at  that  time,  the  mouth  of  the  volcano  was  situated  at  the 
summit  of  the  mountain  ?  Had  the  learned  antiquary  himself  visited 
the  island^  I  could  not  have  objected  to  his  evidence.  Bat  he  not 
poly  does  not  say  this,  but  the  contrary  may  be  inferred  fmm  his 
own  words.    Immediately  after  the  passage  I  have  already  cited, 


S  StroDgale  bodieque  liqiiidi»iiiiiiai  flsmsMun,  et  pmlcet  nagna  copla,  ex 
9rerUce,iibi  qpstf ren  bsbet  aoctci  atqsqdics,  pasi  firssiteihoneodo,  eme^ 


YOLCANOBS  IN  THE  LIPARI  ISLANDS.  44S 

fie  adds,  **  sed  perpetni  ejus  ignes  eminus  navigaotibus,  nocte  taa- 
tam,  conspiciuntur.  Funiom  eorum  candidisninuni  ex  Itali»  pariter 
«c  SicHias  littoribus  conspexi.'*  It  is  tberefore  evident  that  he  saw 
tfab  vokano  only  from  a  dntance^  and  that^  consequently,  his  asser* 
tiony  that  the  fiery  crater  was  situated  at  the  summit,  is  not  to  be 
depended  on.  What  be  has  said  of  the  pumices  then  thrown  out 
by  it,  he  may  have  taken  on  the  credit  of  some  of  the  natives  who 
gave  him  that  information,  and  who  confounded  tlie  scoriaceous 
lavas  with  pumices }  or  it  may  in  fact  be  tnic^  smce  under  the 
sooriie  and  lavas  of  Stromboli,  scatteied  pnmice^  are  found,  as  I 
liave  observed  above. 

From  the  autliorities  above  adduced  it  appears,  therefore,  that 
the  most  andeut  accounts  of  the  conflagrations  of  Stromboli,  trans- 
Mkted  to  us  by  history,  are  prior  to  the  Christian  era  by  about  290 
yean,  the  date  of  the  reign  of  Agathocles,  the  celebrated  tyrant  of 
Syracuse,  This  volcano  burned  likewise  in  the  times  of  Augustus 
and  Tiberius,  when  Diodorus  and  Strabo  flounshed.  But  after  this 
latter  period,  a  long  series  of  ages  succeeds,  during  which,  from 
jwant  of  documents,  we  are  ignorant  of  the  state  of  Stromboli;  and 
it  is  not  until  the  seventeenth  century^  that  we  again  know  with  cer- 
tainty that  it  ejected  fire ;  though  it  is  not  improbable  that  it  conti- 
nued to  burn  likewise  during  the  times  in  which  we  find  no  mention 
of  it  in  history :  on  which  supposition^  its  uninterrupted  eonflagra- 
lion,  for  so  great  a  length  of  time,  must  indeed  appear  astonishing. 
Yet,  tboU|;h  it  should  have  ceased  for  several  ages^  we  know  from 
varkius  public  testimonies,  that  its  continued  eruptions  cannot  have 
lasted  less  than  two  hundred  years. 

Here  our  curiosity  may  naturally  be  excited  by  the  question: 
what  are  the  substances  which,  without  diminution,  have  nourished, 
during  such  a  number  of  years,  and  still  continue  to  feed,  these  firesi 
I  do  not  perceive  that  there  is  any  reason  to  suppose  them  different 
from  those  which  furnish  fuel  to  the  intermitting  volcanoes^  except 
that  their  source  appears  to  be  inexhaustible*  It  is  believed,  with 
much  reasouj  that  sulphur  produces  and  continues  volcanoes;  and 
wherever  these  mountains  bum,  we  have  Indisputable  proofs  of  its 
presence.  Still  more  effeotually  to  explain  these  conflagrations,  pe- 
Iroleum  has  likewise  been  called  in  aid ;  and,  in  fact,  it  has  some- 
tifues  been  found  to  issue  in  the  neighbouriiood  of  a  volcano,  of 
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whkh  Vesuvius  is  an  example  *•    The  donds  of  thick  black 

which  frequently  rise  into  the  air  from  U^  m^otha  of 

the  unctuosity  and  sootiness  which  are  aid  to  be  found  » the  neoA 

•corise,  seem  likewise  to  be  evident  indicatiaiM  of  aooie  bitui 

sublimate. 

That  Stromboli  contains  within  its  dtep  galpbs  and 
immense  mine  of  burning  sulpliur.  we  can  enleitnia  little  doubt, 
when  we  consider  the  streams  of  smoke^  of  exiittoniinary  wbiteaca 
(a  colour  which  constantly  accompanies  sulphoieoua  4ttsiea),  that 
rise  on  the  west  side  of  the  island,  and  the  smell  of  sulphur,  jpot 
only  perceptible  from  them,  but  from  the  luge  doud  of  smoke 
which  overhangs  the  summit  of  the  mountain.  The  small  pieces  of 
that  mmeral  produced  near  the  apertures  wbeoce  those  fumes  arisf, 
are  hkewise  another  proof.  But  of  the  presence  of  petrolenm,  and 
its  effects,  I  have  never  perceived  the  least  sign.  Beside  that  no 
vein  of  it  is  found  in  the  island,  nor  any  ever  seen  awimmiug  on  the 
sea  which  surrounds  Stromboli^  as  I  was  assured  by  the  K^ueial  lcs> 
timony  of  the  inhabitants,  the  smell  of  this  bitumen  is  do  whctt 
Jensible^  though  naturally  it  is  very  acute.  1  have  frequently  visited 
the  sources  of  petroleum,  at  Monte  Zibio,  in  the  tierritocy  of  Bfo- 
dena,  and  I  could  always  perceive  the  smell  of  their  peaetnta^ 
vapours,  at  the  distance  of  several  hundred  paces,  before  I  reached 
them.  I  therefore  conclude,  that  these  vapours  must  have  beei 
much  more  sensible  at  Stromboli^  as  they  would  have  been  modi 
more  active,  had  petroleum  actually  burned  within  its  gulph.  I  have 
likewise  examined,  with  the  greatest  attentiou,  tlie  scoriae  thiowfl 
out  by  the  volcano,  and  while  they  were  very  hot ;  but  I  never  could 
perceive  that  they  emitted,  either  from  their  sur&ce  or  within  their 
pores  and  cavities,  the  least  smell  of  that  bituminous  substance,  or 
that  they  any  wliere  exhibited  any  unctuous  hunudity.  As  1  knew 
that  the  smoke  which  exhales  from  bumug  petroleum  is  of  s 
Jbkckish  hue,  I  suspected  that  the  thkk  and  dark  column  of  smoke, 
which  arose  to  the  east  of  the  volcano,  might  be  a  sign  of  its  pre- 
sence; but,  on  a  nearer  approach,  I  perceived  tl»t  its  darkness  pro- 
ceeded from  aqueous  vapours  which  were  mixed  with  it^  and  which, 


•  Serao,  Istoria  deU'  lacendio  del  Yetnvio,  del  1187.    Botto,  Istoria  £ 
rar|  lDceii<y  de}  Moote  VesaTio. 
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by  my  continaing  a  short  time  in  it,  rendered  my  clothes  damp  and 
wet. 

Shall  we  then  affirm  that  the  fires  of  Stromboli  receive  no  kind  of 
aliment  from  this  bitumen  7  Notwithstanding  the  observations  I  have 
stated,  I  would  not  venture  confidently  to  deduce  such  a  conclu- 
sion ;  since  it  is  possible  that  the  petroleum  may  bum  wider  the 
mountain,  at  so  great  a  depth  that  its  vapours  may  not  reach  to  the 
top,  but  may  be  dispersed  and  consumed  by  the  fire,  and  the  im« 
mense  mass  of  liquefied  matter,  which  probably  extends  from  the 
crater  to  the  lowest  roots  of  the  island. 

But  though  we  should  not  admit  the  existeDce  of  this  oil  withiii 
the  deep  recesses  of  the  mountain,  1  do  not  perceive  but  the  sulpbur 
alone  may  be  sufficient  for  the  nourishment  of  the  volcano,  when  it» 
flame  is  animated  by  oxygenous  gas,  the  presence  of  which,  in  yol* 
canic  abysses,  seems  imdeoiable,  from  the  substances  they  contain 
proper  to  generate  it,  when  acted  on  by  the  fire.  The  long  duration 
without  intermission,  therefore,  of  these  conflagrations,  maybe  Teiy 
sufficiently  explained  by  the  inmiense  quantities  of  sulphur,  or,  to 
speak  more  properly,  sulphures  of  iron  which  we  must  necessarily 
suppose  contained  in  the  bowels  of  the  mountain ;  a  supposition 
rendered  the  more  probable  by  the  prodigious  subterranean  accamn- 
lations  of  this  mineral  which  have  been  discovered  in  various  parts^ 
•f.tbe  globe. 

iSpalamumi.  Dohmieu,  Ida  Pim€9$^ 
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VOLCANOES  OF  ICELAWIf* 


SECTION  1. 

introductory  Remarh^ 

IcBLAiiD,  perliaps  the  IMma  nule  of  Virgil^  ftboiittwoiiiiodred 
md  sixty  miles  long,  and  two  hundred  brotd,  fonning  an  extensivt 
poftion  of  the  Danish  dominions^  ennoes  in  eterj  qnarter  a  voicaDic 
origin^  and  abounds  in  Tokanoesj  sulphur,  snbtenaueous  fires,  and 
geyiers*  or  eruptive  hot  springs.  Its  highest  aMMmtains^  cJofbed 
with  perpetual  snows,  are  called  Jokuls,  and  of  these  8ncfell«  in 
the  south-western  part  of  the  bland,  is  the  loftiest,  behig  calculated 
at  six  thousand  eight  hundred  and  sixty  feet  abofe  the  level  of  the 
sea.  Its  principal  rivers  lie  towards  the  eatt^  sonse  of  which  aie 
white  with  lime,  and  others  tainted  with  sulphnr.  its  calcaieoot 
spar  has  been  celebrated  ever  since  the  days  of  Newton  lor  ili 
double  refraction.  This  remote  and  barren  country  has  been  not 
unfrequently  subject  to  dreadful  mortalities  from  epidemics :  the 
pestilence  of  this  kind  that  depopulated  the  island,  in  the  middle 
of  the  fourteenth  century,  was  called  the  Black  Death ;  and  ac- 
cording to  Cattercau,  a  murrain  in  1784  carried  off  not  less  than 
nineteen  thousand  four  hundred  and  cighty«eight  horses,  six  thou- 
sand eight  hundred  beeves,  and  twelve  thousand  nine  hnodred  and 
forty-seven  sheep.  This  account,  however,  seems  too  highly  charged, 
for  it  exceeds  the  general  average  of  the  cattle  of  the  entire  island. 
Since  it  has  appertained  to  the  Danish  crown,  a  colony  endeavdured 
to  ameliorate  its  wretched  situation  by  migrating  to  Greenland, 
about  two  hundred  miles  distant,  and  which  is  now  usually  placed 
in  the  American  quarter  of  the  world;  of  its  success,  however, 
we  know  nothing,  for  the  eastern  coast,  on  which  it  probablj 
effected  a  landing,  has  since  been  so  extensively  blocked  up  by  aug^ 
menting  sheets  of  ice,  that  the  colony  has  never  since  been  explored. 
— Yet  to  this  wretched  verge  of  the  habitable  globe  was  literature 
compelled  to  retire  in  the  ekveuth  and  twelfth  centuries:  hot 
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learning,  driven  at  that  period  from  every  other  part  of  Europe^ 
flourished  )  poetry  was  cultivated  ;  and  the  mythology  of  the  north- 
em  nations  was  first  reduced  into  a  systematic  form.  JVhile  feudal 
tyranny,  by  the  blood-shed  and  oppression  to  which  it  every  whera 
gave  birth,  retained  the  finest  countries  of  «the  civilised  glol>e  in  a 
state  of  barbarism  ;  liberty  and  peace,  with  science  and  the  arts  io 
their  train,  took  refuge  in  this  inhospitable  clime;  and  found,  on 
the  confines  of  the  polar  circle,  an  asylum  which  the  plains  of  France 
and  Italy  could  not  aflford  them ;  a  memorable  example  how  much 
worse  the  sufferings  are  produced  by  art  than  those  produced  by 
nature.— £(^7or. 

SECTION    II. 

Description  of  Hekla. 
Bjf  Sir  Gborg£  Stbuart  Mackenzie,   Bart. 

Wb  now  eame  into  the  plain  from  which  Hekla  rises ;  but  we  had 
no  view  of  the  mountain  as  we  approached,  as  it  was  covered  With 
clouds.  We  passed  through  lava  which  had  been  exposed  to  view 
by  the  blowing  of  the  sand  that  covers  so  great  an  extent  of  thisf 
country.  Storuvellir  is  situate  in  the  midst  of  this  tract ;  and  round 
it  there  is  a  great  deal  of  excellent  grass.  The  provost  had  a  large 
stock  of  old  hay,  which,  without  any  report  in  his  favour  as  a  good 
rural  economist,  would  have  been  a  sufficient  proof  of  his  merit. 
He  received  us  with  great  kmdness,  but  annoyed  u?t  a  little  by  the 
f  xcess  of  his  attention  or  curiosity.  The  provost  is  reputed  rich ; 
and  it  is  said  that  he  has  made  his  fortune  entirely  by  his  good  ma- 
nagement of  his  farm,  on  which  we  saw  a  considerable  flock  of 
sheep,  and  some  cows.  The  winter  provision  of  stock-fish  kept  in 
the  church,  was  no  advantage  to  its  atmosphere,  which  can  undergo 
little  purification ;  for  the  windows  of  the  churches,  in  general,  did 
not  seem  to  be  made  to  open. 

The  weather  being  still  foggy,  we  could  not  see  Hekta  as  we  ap- 
proached. On  the  1st  August,  we  passed  through  lava  of  the  same 
description  as  that  pervading  every  part  of  this  flat  dbtrict  we  had 
travelled  over.  We  crossed  the  river  called  Wester  Rangaa,  the 
water  of  which  is  perfectly  transparent,  and  flows  along  the  foot  of 
Hekla,  on  the  west  side.  The  bed  of  thb  river  is  very  remarkable, 
being  formed  of  rugged  masses  of  lava,  which  being  here  and  theira 
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elevated  in  petln,  caiue  great  rapidity  in  tbe  stream.  0#iog  to  lb 
clefts  in  the  lava,*  it  \m^  dangerous  to  attempt  crosaing  die  rim 
at  this  place.without  a  guide.  The  prof  ost  was  very  MBffng,  wmi 
gave  us  instructions  in  idiat  manner  to  foHow  him  mcroH ;  and  is 
soon  as  he  saw  us  safe,  Ife  took  leave  and  retained  to  Stortivellir. 

On  the  end  of  a  long  ridgei^  running  nearij  north  and  sbuf  b,  dose 
to  the  ba&e  of  Hekla,  b  a  small  farm,  called  Naifbrholf.    Here  we 
halted ;  and  the  grass  having  been  recently  mown,  we  Ibond  ao  ad« 
nurable  station  for  our  tent.    The  cottager,  Jbii  Brtndtioii,  whom 
we  found  to  be  the  most  obliging  and  active  Icelander  we  liad  met 
with,  was  not  long  in  making  his  appearance,  and  mhusteiiiig  to  oar 
wants.    He  told  us  that  he  could  guide  us  to  a  place  where  there 
was  a  great  quantity  of  Iceland  agate,  or  ol>sidtan ;  a  pieee  of  inlbr- 
mation  the  most  welcome  we  had  for  a  long  time  received.    That 
substance  was  one  of  the  chief  objects  of  oar  mmemlogieal  re- 
searches ;  and  not  having  l>efore  met  with  it^  we  bad  given  up  all 
thoughts  of  seeing  it  in  its  place ;  when  honest  Brandtnoot  observing 
us  employed  with  the  minerals  we  had  already  collected,  brooght  a 
mass  of  obsidian  to  us,  and  relieved  us  from  a  most  severe  mortifi- 
cation.   He  told  us  that  the  place  where  he  had  seen  g;reat  quanti- 
ties of  that  substance,  was  situate  near  the  ToHa  JokuU  ^d  distant 
a  long  day*s  journey  from  Naifurholt.   Our  time  was  uow  limited ; 
but  we  had  no  hesitation  in  making  up  our  minds  to  endure  consi- 
derable fatigue,  in  order  to  visit  a  spot  so  interesting  to  us ;  and 
even,  in  case  of  need>  to  relinquish  the  project  of  ascending  the  far- 
famed  Hekla ;  and,  accordingly,  we  resolved  to  undertake  thu  ex- 
pedition next  day,  as  the  weather  did  not  appear  favourable  for  the 
ascent  of  the  mountain.    Havbg  made  preparations  for  boib  adven- 
tures, we  went  early  to  bed. 

Finding,  at  two  o'clock  in  the  morning,  that  Hekla  vras  entirely 
obscured  by  fog,  we  mounted  our  horses ;  and  each  taking  a  spare 
one,  we  departed,  Brandtsou  leading  the  way.  In  the  course  of 
our  journey,  as  the  clouds  dispersed,  we  had  difierent  views  of  the 
mountain,  which  is  completely  covered  with  slags.  Few  streams  of 
lava  seem  to  have  taken  their  course  on  the  west  and  north  sides ; 
indeed,  we  saw  distinctly  only  one.  Hekhi,  like  Snseiell  Jokul, 
terminates  i^  lung  group  of  comparatively  low  hills.  Viewed  from 
the  westward,  when  Eyafialla,  Tmfialla^  and  other  Jokuls  beyond 
it  are  in  sight,  the  mountain  makes  no  great  figure ;  but  6om  the 
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flMt  tnd  wjuth,  it  ap|Man  to  riie  out  of  tbe  liiUs  surrouBdiug  it,  and 
if  very  coaspicnous. 

Ottr  road  towards  tbe  oluidian  lay  between  tbe  Rangaa  and  tbe 
Tbionaa,  tbe  cotine  of  wbicb  is  nearly  from  nortbteast  to  aobtb« 
west.  Tbis  last-mentioBed  river  here  rolls  its  large  turbid  stream 
01^  nigged  masses  of  biva  lising^abruptly  from  its  bed ;  and  in  its 
efforts  to  overcome  Ibe  obstruction  tbos  occasioned,  dasbes  among 
tbe  rooksy  foming  impetuous  fapids  and  falls.  Great  quantities  of 
alluvial  sand  appeared  disposed  in  strata  in  ditferent  parts  of  the 
eoanlry  through  wbicb  wie  passed ;  and  in  other  places  there  were 
«KteDsive  occumnlations  of  volcanic  sand  composed  of  pnmice  and 
cinders. 

Having  fecrossed  tbe  Rangaa,  we  entered  a  wide  plain,  bomided 
by  Hak(a«ndlbe  ad|jaceBt .mooBtains  on  one. side,  and  by  a  lofty* 
precipitoitf,  and  breken  ridge  on  the  other,  tlie  soffaoe  being  com« 
pletely  covered  with  lava,  sand,  or  minute  fragments  of  scoriae  and 
.pumice,  Tbe  lava  wbicb  has  flowed  over  tbe  plain,  tbe  ternnnation 
'of  which  %re  could  not  see,  appears  to  have  been  remarkably  iong}i» 
from  ilie  numerous  sharp-painted  masses  rising  ont  of  tbe  loose  sand 
and  slagstf  Ibe  acounuUation  of  wbich  has  rendered  it  passable.  We 
Iravellndjdbonl  fourteen  miles,  judging  of  tbe  distance  by  tlie  time 
our  jamrney  occupied,  and  then  halted  ot  the  foot  ofn  large  mass  of 
bwu»  and  changed  our  hofses ;  stopping  no  longer  than  was  ne- 
cessary for  shiAing  our  anddlcs.  The  subsequent  part  of  our  route 
Iboagfa  atiU  tlwongb  nn  citiismely  desolate  country,  was  rendered 
AMMre  aaay  by  tlie  absence  of  lava,  and  somewhat  less  forbidding 
by  tbe  appearance  of  tbioly-scattered  vegetation  on  tbe  vallies,  nnd 
4m  Ibe  ttdea  of  some  of  Ibe  hills.  Ere  long  we  found  ourselves  in- 
•doaed  in  m  brilow  aaumg  the  mountains,  from  which  there  was  no 
uppusiint  outlet ;  but  following  tbe  eteps  of  our  guide,  we  pursued 
ft-arincfaig  oanrae,  fNBsii^  tbrough  a  number  of  rivulets  of  very 
thick  muddy  water  wbicb  proceeded  frotn  tuider  tbe  snow  on  tbe 
mountains*. 

Asii«eiwrnt«long  we  observed  eeveral  craters  in  low  situations, 
'from  wUeh  iame  ami  ejected  matter  bad  proceeded  during  the  con- 
^rulsioDs  to  wbicb  tbk  part  of  tbe  island  has  been  particularly  sub* 


«  £xtMiiv«  ■anffoiayare.netoaooMon  ki  vo^aaalo4Mrictty  especially 
wbere  there  are Jiot  fprlagi.  or.  where  incb  howe^xiftad;  and  thk  way  account 
Ibr  tl^c  peculiar  coloar  of  aoit  of  the  larfe  riven  of  Iceland* 
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jected.  After  having  adYtioccd  about  fifteen  oiilea  ftrflwr,  ml 
traversed  a  part  of  that  hiinieiise  waste  whicb  fbrms  tlw  iaicriarrf 
leeland.  and  it  partially  known  only  to'thote  who  go  m  teamebrf 
ilrayed  sheep,  we  descesded  by  a  dangeroi»  path  into  m  amall  vrf* 
ley »  having  a  small  lake  in  one  comer,  and  the  extremity  oppodle  la 
us  bounded  by  a  perpendicular  hfe  of  rock'  reaembling  a  liifMi  af 
lava  in  its  broken  and  rugged  appeanmoe.  While  we  adnaecd,  the 
•un  suddenly  broke  through  the  clouds^  and  the  Mliant  ppifrtinii 
of  his  beams  from  different  parts  of  this  anppoaui  fam^  aa  iffwom% 
surface  of  ghiss,  delighted  us  li^  an  instantineons  oamtklkMb  that 
we  had  now  attained  one  of  the  principal  ofajcda  connected  with  IIr 
plan  of  our  expedition  to  Iceland.  We  hastened  to  the  spo^  and 
all  our  wish^  were  fully  accomplished  in  the  exanunation  of  an  ob- 
ject whidi  greatly  ei^ceeded  the  expectations  we  had  fonned.  The 
mineralogical  tacts  which  here  presented  thcniacivea  to  onr  notict^ 
will  be  described  in  a  subsequent  chapter. 

On  ascending  one  of  the  abrupt  pinnacles  which  wmt  onfc  of  thh 
extraordinary  man  of  rock,  we  be|)«ki  a  vegioo,  the  desolation  ef 
which  can  scarcely  be  paralleled.  Fantastic  groups  of  hills,  cnterib 
and  lava,  leading  the  eye  to  distant  snow-crowned  Jokub ;  the 
mmg  from  a  waterfall ;  lakes  embosomed  among  bale,  Mak  ■ 
tauis;  an  awful  profound  silence;  lowering  cknida;  Marks  all 
around  of  the  furious  action  of  the  moat  destructive  of  cJuncnti; 
all  combined  to  impress  the  soul  with  sensations  of  diead  and  won- 
der. Tbe  longer  we  contemplated  this  scene,  horrible  aa  it  was,  the 
more  unable  we  were  to  turn  our  eyes  from  it;  and  a  considerable 
time  elapsed,  before  we  could  bring  ourselves  to  attend  to  the 
business  which  tempted  us  to  enter  so  frightful  a  dkUict  of  tbt 
country.  Our  discovery  of  obsidian  afforded  us  very  givat  picn- 
sure,  which  can  only  be  understood  by  zealous  geologisU  ;  and  we 
traversed  an  hnmense  aad  .rugged  mass  ^f  that  cnrions  sabstancc^ 
with  a  high  degree  of  satisfaction ;  though  various  circumstances 
prevented  our  tracing  it  so  fully  as  we  wished. 

Towards  the  east^  at  the  distance  of  three  or  four  milefl,  we  ob- 
served a  very  large  circular  hollow,  the  skies  of  which  were  cUrfy 
of  a  bright  red  colour ;  from  which  circumstance,  and  its  genaial 
appearance,  we  concluded  that  it  was  the  crater  of  an  extinct  tal- 
cano.  The  waterMI,  the  noise  of  which  we  distmctly  heard,  tboi^ 
at  tbe  distance  of  several  miles,  was  fbrmed  by  the  Tonua^  a  hm 
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Hver*  which  takes  its  course  in  this  part  of  the  country,  and  joint 
the  1  biorsaa. 

Bmndtson  told  us  that  he  had  never  heen  farther  in  this  direc* 
tion ;  and  pointed  out  to  us  the  Sprang^  Sands,  a  vast  plain,  con- 
sisting of  volcanic  matter,  which  is  stretched  over  a  groat  part  of 
those  inhospitable  regions  already  mentioned*  Numerous  obstacles 
present  themselves  to  any  person  who  may  think  of  entering  this 
dreadful  country,  among  which  the  .want  of  food  for  horses  is  the 
principal.  The  rivers,  lakes,  streams  of  lava,  all  the  horrors  of 
mture  combined,  oppose  every  desire  to  penetrate  into  these  un- 
known  districts  ;  and  the  superstitions  dread  in  which  they  are  held 
by  the  natives  is  readily  excused,  the  instant  they  are  seen,  even 
fh>ra  afar.  We  saw  the  lake  called  Fiskc  Vatn,  and  the  summits  of 
several  Jokuls,  in  the  distance,  which  will  be  more  particularly 
noticed  afterwards,  as  we  observed  them  more  disitinctly  from 
another  station. 

Before  we  had  satisfied  our  curiosity,  rain  fell  in  torrents,  and 
continued  to  do  so  for  an  hour  or  two.  We  had  not  proceeded  far 
on  our  return  to  Naifurholt,  when  it  ceased,  and  was  succeeded  by 
a  very  thick  fog,  through  which  Brandtson  guided  us  safely  ;  and 
we  reached  our  tents  soon  after  twelve  o'clock  at  night,  having 
been  absent  twenty-two  hours,  during  seventeen  of  which  we  were 
oo  horseback. 

After  the  fatigue  we  had  undergone  in  our  excursion  towards  the 
Torfa  Jokul  in  search  of  obsidian,  we  did  not  expect  to  find  our« 
selves  sufficiently  refreshed  to  attempt  ascending  Mount  Hekia  on 
the  following  day ;  but,  as  we  had  been  long  in  the  constant  habit 
of  enduring  daily  hardships,  we  ro^  at  an  early  hour  on  the  thiid 
of  August,  quite  alert ;  and,  on  seeing  the  whole  of  the  mountain 
frea  from  clouds,  we  were  soon  ready  to  finish  our  labours,  by  as* 
cendmg  Hekla,  and  attaining  the  summit  of  a  mountain  whose  fame 
has  spread  to  every  quarter  of  the  world.  At  ten  o'clock,  we  were 
ready ;  and  Brandtson  having  collected  our  horses,  we  mounted 
them,  and  begiin  our  expedition  under  circumstances  as  favourable 
as  we  could  wish.  We  rode  through  sand  and  lava  about  three 
mileSy  when  the  sur6aice  became  too  rugged  and  steep  for  horses. 
Our  guide  proposed  leaving  the  poor  animals  standing  till  we  re- 
turned ;  but  though  they  would  not  have  stirred  from  the  spot,  we 
sent  them  back,  not  chasing  that  such  valuable  and  steady  servants 
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Utofild  remaio  a  whole  da>^  without  ftod.  We  now  ^pMd&cdM  t 
considerable  way  along  the  edge  of  a  stream  of  hiVa,  iM  tHUtt 
c'roMed  it  where  it  was  not  very  broad,  tod  gained  the  Tobt  ^F'tbt 
*iouth  end  of  the  mountain.  From  thisphiceHv^  tawtevehdliffoiiiifi 
^hd  hollows  from  which  the  streams  of  lava  belbw  appeftl^  tokki% 
IQowed.  VVbile  we  had  to  pass  over  rugged  lava,  Vre  experietlc^  no 
great  difficulty  in  advancing;  but  When  we  arrived  at  the  l^kiiSfftsk 
piirt  of  the  mountain,  which  wieis  covered  widi  loose  tfcgs^  Wt  ^tat^ 
times  lost  at  one  step,  by  their  yielding,  a  ^te  fUat  had  Mei 
gained  by  several.  In  some  places  we  %a^  tdOxxXkim  of  YjIHmSl 
kind,  which,  had  there  been  any  wind,  might  li^ve  proved  c^tT«ttieiy 
troublesome.  The  ascent  now  became  very  iiiiep,  but  tlie  ron^huM 
of  the  surface  greatly  assisted  us. 

Before  we  had  reached  the  first  suttlhiit,  doi^ds  sotrounded  tb, 
And  prevented  our  seeing  farther  than  a  few  yards.  TlkaaghtijdkSt 
confidence  in  our  guide,  we  proceeded,  and  luiving  attafaied  wfiatWe 
thought  was  the  nearest  of  the  three  summits,  "we  sat  down  to  thresh 
ourselves,  when  Braudfson  told  us  that  he  had  never  been  higher 
np  the  mountain.  Tlie  clouds  occasionally  dividiAg,  we  saw  that 
we  had  not  yet  reached  the  southern  sainniit.  After  iiavfttig  passed 
a  number  of  fissures,  by  leaping  across  s6me^  Knd  stepplhig  aktag 
masses  of  slags  that  lay  over  others,  iiife  at  FaM  got  to  the  top  of 
the  first  peak.  The  clouds  now  became  so  thick,  that  we  begtu  to 
despair  of  being  able  to  proceed  any  fiirther.  Indeed  it  was  dan- 
gerous even  to  move ;  for  the  peak  consists  of  a  very  narrow  ridge 
of  slags,  not  more  than  two  feet  broad,  h'avthg  a  precipice  on  each 
side  many  hundred  feet  high.  One  of  these  ptecipices  fbnds  th^ 
Hide  of  a  vast  hollow  which  seems  to  have  been  one  of  the  ctktets. 
At  length  the  sky  cleared  a  little,  and  enabled  us  to  di^over  a  fidge 
T>elow,  that  seemed  to  connect  the  peak  we  were  on  with  the  miAdle 
dne.  We  lost  no  time  in  availing  ourselves  of  this  opporttudty,  and 
by  balancing  ourselves  like  rope-dancers^  we  'succeeded  in  passing 
along  a  ridge  of  slags  so  narrow  that  there  was  hardly  room  Tor  our 
feet.  After  a  short,  but  very  steep  ascent,  we  gained  theKigKest 
point  of  this  celebrated  mountain. 

We  now  found  that  our  usual  good  fortune  had  not  yet  forsakea 
us;  for  we  had  scarcely  begun  to  ascend  the  mfddle  peak,  irhen  the 
sky  became  clear,  and  we  had  a  full  view  of  the  surrotinding  country. 
Towards  the  north  it  is  low,  except  where  a  Jokul  here  aAd  there 
towers  into  the  regions  of  perpetual  snow.    Several  large  lakes  ap- 


pe^re^  u^  ^ii^er^t  f^^ces,  and  ^moBtg  Ibeni  the  FUke  VatD  vrasjtlie 
nipst  coiiipicuau%.  In  this  tlirection  we  saw  oearly  two-tlunb 
^jQrQsst  tlie  is)^ii(|.  Xhf  91afell  and  th^  Ls^oge  Jokols,  sirf tckf4 
th^ipA^ve;}  Mi*tbe  distaoce  to  a  great  ex^tent,  f^eseotiug  ihe  ap|>enr'- 
aDce  of  enormous  masses  of  suow  heaped  up  on  the  plains.  The 
Skaptfu-  Jokvl,  ^h^Qce  Ihf  great  eruption  thai  took  place  in  the  year 
1793  broke  forth,  bounded  the  view  towards  the  north-east.  It  is 
a  large,  extensive,  and  lofty  mountain,  and  appeared  to  b?  covered 
vyUh  snow  to  the  very  base.  On  the  side  next  to  us»  though  at  a 
distance  of  about  forty  miles,  we  plainly  discerned  a  black  conical 
liilti  \vhich  very  probably  may  be  one  of  the  craters  that  were  formed 
during  the  eruption*  The  Tcyfa,  Tiofialla,  and  Eyafialla  Jokul8» 
liniit  the  view  of  the  eastern  part  of  the  country.  Towards  the 
south,  the  ^reat  plain  we  had  passed  through,  seemed  as  if  stretched 
under  our  feet,  and  was  bounded  by  the  sea.  The  same  valley  was 
terminated  towards  the  west  by  a  range  of  curiously-peaked  mpun- 
t;uasi  thctse  in  the  iteighbourbood  of  Thiugvalla,  and  to  the  north  and 
west  ef  the  Geysera. 

Tlie  middle  peak  of  Hekla  forms  one  aide  of  a  bollowy  which 
contain^  a  large  mais  of  snow  at  the  bottom ;  and  is  evidently  ano- 
ther crater.  The  whole  summit  of  the  mot^ntain  is  a  ridge  of  sla^s, 
and  the  hollows  on  each  side  appear  to  have  been  so  mady  diflereo^ 
vepit  from  which  the  eruptions  have  from  tune  to  time  issued.  We 
s^w  no  indications  that  hva  had  flowed  from  the  upper  part  of  the 
monntain;  bnt  our  examination,  from  the  frequent  rectirrence  of 
ipg,  was  unavoidably  confined. 

AAer  we  had  satisfied  puraehes  in  surveying  the  surronndmg 
oountiy>  we  began  to  collect  specimens  of  tlie  stags*  and  perceived 
some  of  them  to  be  warm.  On  lemoving  some  from  the  surface^ 
Vf9  fimnd  these  Mow  were  too  hot  to  b^  handled ;  and  on  phtcing 
a  tbermometei  amongst  thtm,  k  rose  to  144^  The  vapour  of  water 
ascended  fiwm  several  parts  of  the  peak.  It  had  beei)  remarked  to 
us  by  many  of  the  inhabitants,  that  there  was  less  snow  on  Hekla  at 
thii  time  than  had  been  ol>served  for  many  years.  We  supposed, 
tberefoiWf  that  the  beat  now  noticed  might  be  the  recommencement 
of  activity  m  the  volcano,  rathei  than  the  lemauung  dStcU  of  the 
la«l  eruption  whieh  took  place  in  the  year  1^60. 

The  crater,  of  which  the  highest  peak  forms  a  part,  does  not 
muflb  exeted  a  hundmd  leet  m  depth.   The  bottom  ■  fiM  bj  m 
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targe  nmst  of  tnow»  in  which  ▼arious  cavernt'had  been  fbrmed  kf 
its  partial  melting.     In  these  the  snow  had  beooaie  solid  and  till 
parent,  reflecting  a  blubh  tinge;  and  their  whole  appearanoe  was 
extremely  bcantiful,  reminding  us  of  the  descriptioD  of  magie  palaeca 
in  eastern  tales. 

At  the  foot  of  the  mountain,  the  thermometer  at  half  past  Mae 
o'clock  stood  at  5gr.  At  eteTen^  it  was  at  58^,  and  mt  four,  on  the 
top,  at  3gP. 

.  Our  descent  was  greatly  retarded  by  thick  fog ;  and  we  fmsn^ 
it  much  more  hazardous  than  the  ascent.  We  missed  o«tf  way  and 
were  under  the  necessity  of  crossing  the  lava  we  had  passed  in  oar 
way  up,  at  a  place  where  it  bad  spread  to  a  much  greater  breadth, 
attdf  from  the  rapidity  of  the  slope  along  which  it  had  flowed,  had 
become  frightfully  rugged.  *" 

Mount  Hekla  has  acquired  a  degree  of  distinction  among  ?olca- 
Roes,  to  which  it  does  not  seem  to  be  entitled.  It  is  ftr  behind  Etnn 
and  Vesuvius,  both  in  the  frequency  and  magnitude  of  its  eraptioas^ 
We  could  not  distinguish  more  than  four  streams  of  lava ;  three  of 
which  have  descended  on  the  south  and  one  on  the  north  side ;  bat 
there  may  be  some  streams  on  the  east  side,  which  we  did  not  see. 
The  early  eruptions  of  this  mountain  do  not  seem  to  have  been  le* 
gularly  recorded.  Ola^on  and  P&ulson  say,  that  aAer  carefid 
research  they  found  that  the  number  of  eruptions  amounted  to 
twenty  two ;  and  none  are  recorded  as  having  happened  before  the 
year  1004.  There  were  eruptions  in  the  years  1137,  1222,  1300, 
1341,  1362,  1389,  1538,  1619,  1636,  and  1^.  Flames  appeared 
in  the  ueiglibourhood  in  1728.  In  1554,  there  were  eruptioiu  from 
the  mountains  to  the  eastward ;  and  in  1754,  flames  burst  out  to  the 
westward.  From  the  mountain  itself,  no  eruption  took  place  be* 
tween  the  years  1693  and  1 766,  an  interval  of  seventy-three  years; 
and  during  this  last  period  of  activity,  no  lava  was  thrown  out 
The  following  year,  flames  broke  out  afresh,  and  the  momitain  was 
not  perfectly  quiet  in  the  year  1768  t  since  that  time  it  has  ro> 
mained  inactive.  We  had  no  opportunity  of  measnring  the  heigfat 
of  Mount  Hekla ;  but  we  have  i>een  mfonned  by  Sir  J.  Stanley  that 
the  elevation  which  resulted  from  his  observations,  was  4,300 
feet,  and  this,  from  diflerent  circumstances,  we  believe  to  be 
correct. 

In  the  year  1755,  a  terrible  eruption  proceeded  from  the  mmoit 
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Uiifi  called  Kattlagiau  Jokul,  which  is  situate  to  the  eastward  of 
£>afialla.  From  the  accounts  of*  this  eruption,  it  does  not  appear 
that  an^  lava  flowed  ;  but  iinmense  torrents  of  water  carried  de- 
struction before  tivem  through  the  neighbouring  country ;  and 
ignited  stones  and  ashes  were  thrown  in  all  directions.  The  elec* 
trical  phaenoraena  that  accompanied  this  eruption,  seem  to  have  been 
very  tremendous;  several  peo|.le  and  cattle  having  been  killed  by 
file  lightning.  The  mountain  continued  in  a  state  of  violent  acti- 
vity during  a  whole  month;  and,  indeed,  it  may  be  said  to  have 
been  so  during  a  whole  year ;  for,  between  January  and  September 
of  the  year  1756,  five  different  eruptions  took  place.  We  heard  a 
report,  that  early  in  the  summer  the  inhabitants  in  the  neighbour- 
hood had  some  reason  to  apprehend  an  impending  eruption ;  but  we 
could  get  no  distinct  account  of  the  symptoms  that  had  been  ob- 
served. The  earliest  eruption  of  Kattlagiau,  appears  to  have  hap- 
pened about  the  year  SOO;  and,  since  that  period,  to  the  great  one 
in  i75St  only  five  have  occurred. 

It  is  mentioned,  in  the  history  of  Iceland  during  the  eighteenth 
century,  that  an  eruption  took  place  from  fi^refa  J«)kul,  in  the  south- 
east part  of  the  island,  in  the  year  1720;  and  one  from  the  lake  of 
Grimsvatn  in  the  year  i7l6*** 

In  the  north-east  quarter  of  Iceland,  near  a  large  lake  called 
Myvatn,  is  Mount  Krabia,  which  became  remarkable  by  dreadful 
eruptions  of  lava  that  proceeded  from  it  between  the  years  1724 
and  1730.  Some  of  the  streams  of  lava  flowed  into  the  lake,  de« 
stroyed  the  fish,  and  almost  dried  it  up.  There  were  eruptions  also 
from  the  moimtains  round  Krabia;  and  |in  extensive  district  of 
inhabited  country  was  laid  waste.  At  a  place  called  Reikiahlid, 
Dear  Krabia,  sulphur  is  found  in  fhe  same  circumstances  as  that  at 
Krisuvik,  biit  in  larger  quantities,  ^t  was>  from  the  fortper  place 
that  most  of  the  sulphur  brought  from  Iceland  was  exported. 

In  the  year  1000,  an  eruption  took  place  iu  the  Guldbring^  SysseU 

■  ■  .1.1'  ■        ■         I         II       ■ 

•  I  am  uncf  rt^ia  of  the  positioa  of  thii  lal^e.  There  is  only  one  of  the 
name  which  I  could  flod  marked  oo  the  maps  of  Iceland,  hot,  from  the 
circumitance  of  all  the  most  recent  eruptions  having  proceeded  from  the 
Boathem  part  of  the  island,  I  suspect  that  there  may  be  a  lake  of  the  tamt 
■ame  somewhere  to  the  eastward  of  Markarfliot ;  and,  since  my  return  home, 
I  have  received  sncb  information* as  leads  me  to  believf  my  conjecture 
right. 

»o4 
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Another  broke  out  near  Reildaoes  m  tb^  year  1340;  and  «m 
is  5iiid  to  have  been  seen  at  a  great  dutaace  in  the  aeaj  ia  die  jev 
1583,  sinilar  to  that  vrbkh  waa  observed  prteeding  tbe  givat 
eruption  of  1783. 

Tbe  total  number  of  recorded  eruptions  appeara  to  ^  the  fel* 
lowing : 

Froni  Hekla,  since  the  year        -        •  1004^  fodame   •  21 

From  Kattlagiau  Jokul      ...          900^  •  f 

From  Krabla,            ....  1724^  «  4 

lu  different  parts  of  tbe  Guldbnug^  Syssel  1000^  ^  3 

At  sea, -  1583»  .  2 

Froi^  the  lake  Grirasvatn,  in      -        -  I7l^  -  1 

From  Eyafialla  Jokul  *  in          -        -  I717»  •  ] 

From  Eyrefa  JokuU  in       ^        •        •  1720^  ^  i 

From  Skaptar  Jokul,  in      -        •        •  1793,  »  1 

42 

In  chronological  order,  the  different  emptions  mentioned  by  fce^ 

landic  authors  stand  recorded  thus:  In  the  years  900,  1000,  llOf, 

1137,  1222.  1300,  1340,  1341,  1362,  1389,  1425,  15M  (Vesoriiis 

erupted  the  same  year),  1554  (Etna),  1583,  I619,    lAsO  (Etna), 

1693   (Vesuvius,    1692;     Etna,    1(594),    17l5,    1717   (Vesovios), 

1720, 1724,  1728,  1730  (Vesuvius),  1754  (Vesuvius),  1755  (Etna), 

1756',  1766  (Etna  and  Vesuvius),  I771,  and  1772,  flames  seen  on 

Hekla;  1783.     Thus  it  appears,  that  many  of  the  eruptions  that 

are  known  to  have  taken  place  since  Iceland  was  iDbHbited,  bave 

not  been  particularly  noticed  ;  and  it  is  very  prbbable,  that  nnnie* 

reus  eruptions  of  less  note  have  been  passed  over.    We  may  reckon 

active  all  those  mountains  whicb  have  burned  within  the   last  cen« 

tury.  Of  these  tlicre  are  six ;— Hekla,  Krabla,  Kattlagiau,  Eyafialla^ 

Eyrefa,  and  Skaptar,  Jokuls. 

The  most  recent  eruption  that  took  place  in  Iceland  seems  also  to 
have  been  the  most  awful.   It  proceeded  from  the  low  conntry  near 


♦  This  mountain  is  often  called  Osier  Jokul  (eastern  Jokol),  in  contradis* 
tinction  to  Snaefell  Jokul,  which  is  called  western.  The  eruption  of  ibe  easteni 
Jokul  in  17 IT,  and  the  one  from  Grimsvatn',  are  recorded  by  Mr.  8tepheaM«  is 
his  History  of  Iceland  during  the  eighteenth  century. 
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the  Skaptar  Jokut  in  the  year  1783,  Mr.  Stephenson  of  Indrebohn 
was  ordered  by  the  Kiog  of  Denmark  to  proceed  from  CopcDhagen* 
where  he  happened  to  be  during  the  eruption,  8im1  to  Vuit  the  d»* 
trict,  that  hia  Majesty  might  be  enabled  to  alleviate  the  distressea 
occasioned  by  the  eruption.  That  gentleman  has  published  » 
laboured  account  of  the  whole ;  but«  although  there  is  no  doubt  of 
the  eruption  having  been  one  of  the  most  terrible  in  th<*  annali  of 
volcanoes,  he  seems  to  have  depended  too  much  oo  reports  and  in* 
formation,  which  appear  to  be  exaggerated.  He  himself  told  as, 
that  the  lava  was  so  hot  at  the  time  he  approached  it,  which  wnt 
about  a  year  after  the  emptioo^  that  it  conid  not  be  examined,  and 
that  it  has  never  been  traced  to  its  source.  Another  account  has 
been  written,  which,  from  what  we  heard  in  Iceland,  is  the  roost 
correct.  It  is  to  he  lamented  that  the  present  state  of  the  Icelandic 
press,  prevents  its  being  given  to  the  public  *• 

The  whole  tract  between  Hekla  and  Krabla  is  a  desert  quite  im« 
passable  and  unknown }  and  there  is  still  subsisting  n  ridicnfonfl 
notion  that  it  is  inhabited  by  a  tribe  of  robbers.  Did  such  people 
really  exist,  and  did  they  know  the  dread  which  they  inspire,  they 
might  easily  procure  more  comfortable  quarters. 

No  single  volcanic  mountain  which  we  saw,  appeared  to  have 
thrown  out  mncli  lava.  '  Probably  this  has  been  owing  to  the  vast 
number  of  apertures  which  liave  given  vent  to  the  rage  of  subterra- 
neous heat  In  other  countries,  where  it  has  for  ages  continued  to 
explode  from  one  or  two  mountains,  the  lava  is  confined  to  one 
place,  and  is  abundant. 

There  is  no  country  in  the  known  world  where  volcanic  eniptiona 
have  been  so  numerous  as  in  Iceland,  or  liave  been  spread  over  so 
large  a  surface.  No  part  of  the  island  is  wholly  free  from  the  marks 
of  volcanic  agency ;  and  it  may  be  truly  called  the  abode  of  iubter<« 
raneouB  heat.  Various  volcanic  mountains  and  streams  of  lava,  are 
mentioned  as  existing  in  the  eastern  and  northern  districts,  bj 

*  1  have  accidentally  procured  a  map,  which  appears  to  have  lielooged  to 
fOBie  descriptiofl  of  this  dreadfal  event,  and  by  which  It  appears,  that  the  lava 
bvtni  out  at  three  different  points  aboat  eight  or  nine  nilet  distant  from  each 
other,  and  spread  in  so«e  plaect  to  a  breadth  of  thirty  miles.  The  extent  from 
north  to  south  as  &r  as  the  lava  seems  to  have  l»een  observed,  Is  upwards  of  forty 
miles,  and  it  is  Jmown  to  have  flowed  mvch  fitfther  i  thoaish  It  has  not  bce« 
-traced. 
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Eggart  Oltfton,  to  his  Enafraiioaes  Hiskmcm  dit  Naimra  «l  CmMI* 
ifUione  Itlandi^,  In  the  north  west  qiuirtisr.  Id  Ihe  dittrirt  of  l»* 
fiord,  there  is  a  volcanic  mountain  called  Olama*  ivbicb  Iw  dcaoibai 
as  rivalling  Ihe  uia^nilude  of  the  Smifell  Jokal.  Thus  it  appaan 
that  the  iorce  of  subterraneous  lire  has  beco  exerted  upuo  cfcij 
part  of  tliis  extensile  island  ;  and  v^hen  we  consider  the  cmptiaoa 
that  have  been  seen  at  a  distance  in  the  sea,  we  are  aafe  in  csti* 
mating,  that,  in  this  part  of  the  earth,  onacontiDiiedsurftoeof  not 
less  than  sixty  thousand  square  pniles  has  been  anl^iccitod  to  that  ••- 
gioa  of  destruction. 

[Sir  George  MachensAis  Trmtdi  m  tke  bUmd  qfleeioMJ.^ 

SQCTipit  ILIf 

Sulphur  MourUaimf 

[By  the  Stme.] 

Havino  taken  an  early  breakfast,  we  set  ont  towards  the  Stilphnt 
MooBtain,  which  is  about  three  m'les  distant  from  Kritavttu    At 
the  foot  of  the  moontam  w^  a  small  bank  cproposed  chiefly  of  arhite 
day  and  some  soiphur,  frqm  ail  parts  of  which  atetun  issued.   As- 
cending it,  we  got  upon  ^.  ndgp  immediately  aboie  a  deep  hollow, 
firom  which  a  profusion  of  vapour  arose,  and  heard  a  oonfiiaed  ooiae 
of  boiling  and  splashmg,  joined  to  the  roarifig  of  steam  ^ffi*ff|Hflig 
from  narrow  crevices  in  the  rock.    This  hollow,  together  vrith  the 
whole  side  of  the  mountain  opposite^  as  far  up  as  we  could  see,  was 
covered  with  sulphur  and  cla}',  chiefly  of  a  white  or  yellowish  go* 
Jour.     Walking  over  this  soft  and  steaming  surface  we  found  to  be 
very  hazardous;  and  we  were  frequently  ydry  uneasy  whea  Ihe  va* 
pour  concealed  us  from  each  other.     The  day,  however,  being  dry 
and  warm,  the  surface  was  not  so  slippery  as  to  occasion  much  nii 
of  our  falling.    The  chance  of  the  crust  of  sulphur  breaUng,  or 
the  cUy  sinking  with  us,  was  great ;  and  we  were  several  times  in 
danger  of  Jking  much  scalded.     Mr.  Bright  ran  at  one  time  a  great 
hazard,  and  suffered  considerable  pain  from  accidentally  plunging 
one  of  his  legs  into  the  hot  clay.     From  whatever  spot  the  sulphur  is 
ijemoved,  steam  instantly  escapes;  and,  m  many  places,  the  sul« 
phur  was  so  hot  that  we  could  scarcely  handle  it.     From  the  smell, 
we  perceived  that  the  steam  was  mixed  with  a  small  quantity  of  sul* 
phurated  hydrogen  gas.     When  the  thermometer  was  siuik  a  few 
inches  into  the  clay,  it  rose  generally  to  within  a  few  degrees  of  the 
boiliDg  pomt.    By  stepping  cautiously,   and  avoidms  cverv  little 
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bole* from  which  steam  issued,  we  soon  discovered  how  far  we  might 
venture.  Our  good  fortune^  however,  ought  not  to  tempt  any  per* 
son  to  examine  this  wonderful  place,  without  being  provided  with  two 
boards,  with  which  every  part  of  the  banks  may  be  traversed  in 
perfect  safety.  At  the  bottom  of  this  hollow  we  found  a  cauldron 
of  boiling  mod,  about  fifteen  feet  in  diameter,  similar  to  that  on  the 
top  of  the  mountain,  which  we  had  seen  the  evening  before ;  but  this 
boiled  with  much  more  vehemence.  We  went  within  a  few  yards  of 
ity  the  wind  happening  to  be  remarkably  favourable  for  viewing  every 
part  of  this  singular  scene.  The  mud  was  in  constant  agitation,  and 
often  thrown  up  to  the  height  of  six  or  eight  feet.  Near  this  spot 
was  an  irregular  space  filled  with  water  boiling  briskly.  At  the  foot 
of  the  hill,  is  a  hollow  formed  by  a  bank  of  clay  and  sulphur,  steam 
rushed  with  great  force  and  noise  from  among  tiie  loose  fragments  of 
rock* 

Further  up  the  mountain,  we  met  with  a  spring  of  cold  water, 
a  circumstance  little  expected  in  a  place  like  this.  Ascending  still 
higher,  we  came  to  a  ridge  composed  entirely  of  sulphur  and  clay, 
joining  two  summits  of  the  mountain.  Here  we  found  a  much 
greater  quantity  of  sulphur  than  on  any  other  |>art  of  the  surface  we 
had  gone  over.  It  formed  a  smooth  crust  from  a  quarter  of  an  inch 
to  several  inches  in  thickness.  The  crust  was  beautifully  crystallized, 
and  immediately  l>eueath  it  we  found  a  quantity  of  loose  granular 
sulphur,  which  appeared  to  be  collecting  and  crystallizing  as  it  was 
sublimed  along  with  the  steam.  Sometimes  we  met  with  clay  of  dif* 
ferent  colours,  white,  red,  and  blue,  under  the  crust ;  but  we  could 
not  examine  this  place  to  any  depth,  as,  the  moment  the  crust  was 
removed,  steam  came  forth,  and  proved  extremely  annoying.  We 
found  several  pieces  of  wood,  which  were  probably  the  remains  of 
phinks  that  bad  been  formerly  used  in  collecting  the  sul|>hor9  small 
crystals  of  which  partially  covered  them.  There  appears  to  be  « 
constant  sublimation  of  this  substance ;  and  were  artificial  chambers 
constructed  for  the  reception  and  condensation  of  the  vapours,  much 
of  it  might  probably  be  collected.  As  it  is,  there  is  a  large  quantity 
on  the  surfiice ;  and,  by  searching,  there  is  little  doubt  that  great 
stores  may  be  found.  The  inconvenience  proceeding  from  the  stream 
issuing  on  every  side,  and  from  the  heat,  is  certainly  cousiilerable  ; 
^iit,  by  proper  precautions,  neither  would  be  fdt  so  much  as  to 


'< 
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leoder  the  collection  of  the  sulphury  matter  of  toy  great  diffiol^. 
The  chief  obstacle  to  working  these  mines,  U  their  disUmce  from  H 
port  whence  the  produce  could  be  shipped.  Bot  there  lUPe  40  nmuj 
horses  in  the  couutry>  whose  original  prkc  »  trifliQgt.  wd  mhtm 
maintenance  duriug  summer  costs  nothing,  that  the  coavejrsaci^  of 
sulphur  to  Reikiavik  presents  no  difficulties  which  miigbt  Qol  i^ro* 
hM}i  be  surmouuted.  , 

B«low  the  ridge  on  the  farther  aide  of  this  great  bed  oi  sialphiir, 
we  saw  a  great  deal  of  vapour  escap'mg  with  much  nobe.  We  croiK4 
to  the  side  of  the  mountain  opposite,  and  found  the  aorfioe  waiJL' 
ijently  firm  to  admit  oi  walking  cautiously  upoa  it.  We  had  now 
to  walk  towards  the  principal  spring,  as  it  is  called.  This  was  % 
task  of  much  apparent  dauger,  as  the  side  of  the  mouataiD,  lor  Uw 
extent  of  about  half  a  mile,  is  covered  with  lr«ose  day,  hito  wUcts 
our  feet  sunk  at  every  step.  In  many  places  there  was  a  tJiin  criis^ 
below  which  the  clay  was  wet,  and  extremely  liot.  G«od  fortiine 
attended  us ;  and  without  any  serious  incoavenieiice,  we  reached  the 
ol^ct  we  had  in  view.  A  dense  column  of  steam,  mixed  with  a 
little  water,  was  forcing  its  way  impetuously  through  a  crevice  ia 
the  rock,  at  the  head  of  a  narrow  valley,  or  break  in  the  mpuntaia. 
The  violence  with  which  it  rushes  out  is  so  great,  that  the  aoiw, 
thus  occasioned,  may  often  be  heard  at  the  distance  of  several  miles ; 
andj  duriug  night,  while  lying  in  our  tent  at  Krisuvik,  we  molt 
than  once  listened  to  it  with  mingled  awe  and  astonishment.  Behind 
the  column  of  vapour  was  a  dark-coloured  rocki  which  gave  it  its 
full  effect. 

It  is  quite  beyond  our  power  to  offer  such  a  descriprion  of  this 
extraordinary  place,  as  to  convey  adequate  ideas  of  its  wonders  or 
its  terrors.  The  sensations  of  a  person,  even  of  firm  nerves,  standing 
on  a  support  which  feebly  sustains  )iim,  over  an  abyss  where,  Uterallyi 
fire  and  brimstone  are  in  dreadful  and  incessant  action ;  having  be- 
fore his  eyes  tremendous  proofs  of  what  is  going  on  beneath  him  i 
enveloped  in  thick  vapours ;  his  ears  stunned  with  thnnderiqg  nois^; 
^ust  be  experienced  before  they  can  he  understood. 

[TVwfls  in  tks  Itland  ^  ffeUnJ.} 
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SECTION    IV. 

Volcanic  Peak  of  SnafellJokuL 

[From  Mr.  Brioot's  Narration.] 

AlTBR  a  liesitHttoD  of  an  hour  or  two,  dn  accoont  of  the  dmibl- 
All  appearance  of  the  day,  Mr.  Ilolknd  and  myself,  with  our  iaier- 
prefer,  and  one  of  our  gaides,  ivho  tf  as  very  desirous  of  aoeonvpanying 
UB,  put  onrseWes  under  the  direction  of  a  stout  Icehmder,  who  under- 
took to  be  our  leader  m  the  ascent  of  the  Jokul.  He,  however, 
honestly  eofnfessed,  that  he  had  never  been  higher  up  the  Mountain 
than  the  veife  «f  the  perpetual  snow,  as  the  ilieep  never  wsfnderad 
beyond  Hiat  ihnlt;  but  this  ivas  also  the  case  with  the  other  hihabi- 
*tlmts  of  the  district.  Every  one  of  us  provided  himself  with  an 
Icelatod  w^ittg  staff,  furnished  vnth  a  long  spike  at  the  end ;  and, 
hi  case  of  need,  we  canied  some  pairs  of  large  coarse  worsted 
Itockb)^  of  the  country  manufacture.  We  likewise  had  oarr  ham- 
tners  and  bags  for  specimens,  a  compass  and  thermometer,  a  boVtle 
of  bttindy,  with  "some  i^e  bread  and  cheese. 

Thus  equipped,  we  >*et  forward  on  our  march ;  and  having  passed 
'two  or  thi^e  cottages,  whose  inhabitants  gazed  with  wonder  at  our 
expedition,  Ure  directed  our  course  iu  nearly  a  straight  line  towa^ls 
the  mnrghi  of  the  snow.  The  nearer  we  approached  it,  vegetation 
became  tnore  and  mote  scanty,  and  at  length  almost  entirely  disap- 
petfr^d.  After  walking  at  a  steady  pace  for  two  hours,  iu  which 
tSttte  we  had  igone  about  six  miles,  we  came  to  the  first  snow,  and 
yil^ptfred  ourselves  for  the  more  arduous  part  of  our  enterpriae. 
^e  tcted  being'  now  aTrke  new  to  all,  we  were  as  competent  as  our 
'gttides  to  the  dhrettion  of  our  further  course.  The  summits  of  all 
tbie  SUffroonding  tnoontains  were  covered  with  'mist ;  but  the  Jokid 
Vigils  petfectly  d^ar  ;  aud  ts  the  sun  did  not  shine  -bo  bright  as  to 
'daizle  dur  eyes  "with  the  reflection  ih>m  the  snow,  we  entertained, 
good  hopes  of  accoMplishing  our  purpose.  During  the  first  hotir 
the  aiscent  was  not  viery  difficult,  add  the  snow  was  sufficiently  sdfl 
to  ^Id  to  the  pk'essure  of  our  feet.  After  that  time  the  acclivity 
was  steeper,  the  snow  became  harder,  and  dieep  Assures  "appeared  in 
it,  which  we  were  obliged  to  cross,  or  to  avoid  by  g<nng  a  consider, 
able  way  round.  These  fissures  presented  a  tery  b^mutifiil  spectacle ; 
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they  were  ml  least  thirty  or  forty  feet  m  dqilh,  md  tiioiigh  not  ii 
general  mbove  two  or  three  feet  wide,  they  tdmittrd  l^t  cooogk  to 
display  the  brilliaucy  of  their  white  and  nigged  aidet.  Aa  we  aa» 
cended,  the  inferior' mooDtams  gradually  dimioklicd  to  the  aq^ 
and  we  beheld  a  complete  sone  of  cloads  encirciiog  oi^  wUle  the 
Jokul  ttill  remained  clear  and  distinct.  From  time  to  time  ifce 
cloudi»  partially  separatiog,  formed  moat  pfetureaqae  nidiei^  thwigh 
which  we  descried  the  distant  sea,  and  still  ftrtber  oC  the  mom 
tarns  on  the  opposite  side  of  the  Breidt^Fiord,  atwtcliiag  oofftibwoiJi 
towards  the  most  remote  eatremity  of  the  islaodi 

In  tlie  progress  of  our  ascent,  we  were  obUged^  frapicnily  to 
allow  ourselves  a  temporary  res^te,  by  sitting  down  for  a  few  nsinutm 
oo  the  snow.    About  tliree  o'clock,  we  arriTcd  at  a  chaam,  which 
threatened  to  put  a  complete  stop  to  our  prograsa,     It  was  at  least 
forty  feet  in  depth,  and  nearly  six  feet  wide ;  and  the  oppoaii^  side 
presented  a  hc€  like  a  wall,  bemg  elevated  several  feet  above  the 
level  of  the  surfece  on  which  we  stood ;  besides  which,  from  the 
felling  in  of  the  snow  in  the  interior  of  the  chasm,  all  the  part  on 
which  we  were  standing  was  undermined,  so  that  we  were  afraid  to 
approach  too  near  the  brink  lest  it  should  give  way*.    DelemiBed, 
however,  not  to  renounce  the  hope  of  passing  this  barrier,  we-fol*. 
lowed  its  course  till  we  found  a  place  that  encouraged  the  attempt. 
The  opposite  bank  here  was  not  above  four  feet  b^h,  and  a  mass  of 
snow  formed  a  bridge,  a  very  insecure  one  indeed^  acrosa  the  chasm. 
Standing  upon  the  brink,  we  cut  with  our  poles  three  or  four  steps 
in  the  bank  on  the  other  side,  and  then,  stepping  as  lightly  as  pos- 
sible over  the  bridge,  we  passed  cue  by  one  to  the  steps,  which  we 
ascended  by  the  help  of  our  poles.    The  snow  on  the  opposite  skk 
became  immediately  so  excessively  steep,  that  itiequired  our  utmost 
efibrts  to  prevent  our  sliding  back  to  the  edge  of  the  precipice,  in  , 
which  case  we  should  inevitably  have  been  plunged  into  the  chasm. 
This  dangerous  part  of  our  ascent  did  not  continue  long ;  and  we 
soon  found  ourselves  on  a  tolerably  level  bank  of  snow,  with  a  pre- 
cipice on  our  right  about  sixty  feet  perpendicular,  presenting  an  ap- 
pearance as  if  the  snow  on  the  side  of  the  mountain  had  slipped 
away,  leaviog  behind  it  the  part  on  which  we  stood.    We  were  now 
.  on  the  summit  of  one  of  tlie  three  peaks  of  the  mountain ;  that 
which  is  situated  farthest  to  the  east.   We  beheld  immediately  be- 
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fore  us  a  fissure  greatly  more  formidable  in  widtb  and  depth  than 
any  we  bad  passed,  and  which,  indeed,  offered  an  insuperable  ob« 
stacle  to  our  further  progress.  The  highest  peak  of  the  Jokul  was 
•till  a  hundred  feet  above  us ;  and  after  looking  at  it  some  lime, 
with  the  mortification  of  disappointment,  and  making  some  fruitleas 
attempts  to  reach,  at  least,  a  bare  exposed  rock  which  stood  in  the 
middle  of  the  fissure,  we  were  obliged  to  give  up  all  hope  of  advan* 
cing  further. 

The  peak  of  the  Jokul  we  had  now  attained,  is  about  4,460 
feet  above  the  level  of  the  sea.  The  extensive  view  which  we 
might  have  obtained  from  this  elevated  point,  was  almost  entirely 
intercepted  by  the  gre^t  masses  of  cloud,  whidi  hung  upon  the  sides 
of  the  mountain,  and  admitted  only  partial  and  indistinct  views  of 
the  landscape  tftneath.  It  has  been  said  by  Egbert  Olafson,  and 
others,  that  from  one  part  of  the  channel  which  lies  between  Iceland 
and  Greenland,  the  mountain  of  Sussfell  Jokul  may  be  seen  on  one 
Me,  and  a  lofly  mouutain  in  Greenland  on  the  other.  It  is  diffi- 
cult  to  ascertain  how  far  this  is  an  accurate  statement*  The  distanoe 
between  the  two  countries  at  this  place  cannot  be  less  than  eighty 
or  ninety  leagues. 

The  clouds  now  began  rapidly  to  accumulate,  and  were  visibly 
rolling  up  the  side  of  the  mountain ;  we  were  therefore  anxious  to 
quit  our  present  situation  as  speedily  as  possible,  that  we  might  re- 
pass the  chasm  before  we  were  involved  in  mist.  Our  first  object, 
however,  was  to  examine  the  state  of  the  magnetic  needle,  which 
Olafson  in  his  travels  asserts  to  be  put  into  great  agitation  at  the 
summit  of  this  mountaui*  and  no  longer  to  retain  its  polarity.  What 
may  be  the  case  a  hundred  feet  higher,  we  cannot  aflirm ;  but  at 
the  point  we  reached,  the  needle  was  quite  stationary,  and,  ak  far  hs 
we  could  judge,  |>erfectly  true.  We  then  noted  an  observatioh  of 
the  thermometer,  which  we  were  surprised  to  find  scarcely  so  low  As 
the  fireezing  point ;  and  after  an  application  to  the  brandy  bottle, 
began  with  great  care  to  retrace  the  footsteps  of  our  ascent.  We 
found  re-crossing  the  chasm'  a  work  of  no  small  danger ;  for  when- 
ever we  stuck  our  poles  into  the  snow  bridge,  they  went  directly 
through.  The  first  person,  therefore,  who  crossed,  thrust  his  pole 
deep  into  the  lower  part  of  the  wall,  thus  afibading  a  point  of  aup- 
port  for  the  feet  of  those  who  followed ;  Mr.  Holland,  however, 
who  was  the  second  in  passing  over,  had,  iiotivitiH|anding,:a  narrow 
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«mpt,«ir  Wi  foil  Ktoiaigr  krote  tkm|^  tbe  Inidlgt  ^ 
It  w»  wilfc  difficalty  be  wmcwtd  bimMlf  lioM  Mliiigflito 
Wotttk  Wc^efc«c«rcdyl!-«feoBttei<iw«r<ac<ffltie  itriMfc 
when  «be  imbt  surrottding  «»,  intde  k  eitpwutlj  iMfimil  to  kmp 
Ihetwitt  fcy  wbkhf»eh»dmmjwiedtiie  awuBUia<i  Ifflwa  wr  i wi  tp 
yoBitetottsmnllbaBk  whicb  wc  badremiMI  ia  iMHr«MeBC«0Wiif 
Inre  irom  wow,  we  detiied  oor  fukle  to  leimia  whsn  #c  «raw»  UniI 
we  might  not  lose  the  path,  while  we  went  to  cjumifcw  Ifce  ipot 
We  ibimd  tbe  Ynmk  to  be  vlniotl  onlifeij  ooipoeed  of  iMgrnewii  of 
pomioe «k1  toIcmmc loorisi.  Adm onr  retni»to  thefmiif  mcf, 
wewdethe^bertofoTway  bwBktoOI<<Wfc,  iiMttl|'0€it>tlnil^ 
about  mfOOTterfMltja,  to  tlie  great  «av|Niift«f4*«uy^0M;  fcrwe 
■wm  aaafoi^  esBpected  till  tiie  MfowngaieniiHg ;  aodi  >■  .#ie«e«ei- 
*mtial  -awe  kupired  by  the  JoM.  None  of  oar  poky  aeasMl'aioR 
^[nftiied  with  tbe  exploit  tftan  oar  giMe,  wlio  toiiag  ilwayf  ^een 
mewloaMd  to  Wait  apon  the  ^afcul  as  ooie  lanndbli  giaul,  gteitly 
aaallad  bi  tfab  mclary  ofcr  biaa ;  btftweaAenaaach  knacd^^faitlR 
Annd  coawdataMe  JMkalty  in  laakiugbkAriaadaomlitMi  •aana- 
Hm  af  tin  aaoent. 

[Sir  George  Macheime't  7¥mmkim  IWbn/.] 


CHAP.  XIII. 

ASIATIC  VOLCANOES. 


L/JPOtf  tbe  whole,  this  qaarter  of  the  world  •appears  to  tei«aiifl 
iertd  lessacverely  from  the  calaniiry  of  voloanoeaaad  aaHJniuakat 
tbaa^any  other.  Those  that  are  chieDy  ivoKtby  lof  niliu  oia  to  be 
Ibvnd  HI  Japan  and  tlie  New  Hebrides. 


SECTION  1. 


Volcanoes  of  Japan. 
Japan  b  very  lamarkable  fer  tbe  great  aamber  erf  it§  hxmmg 
mmMtains.      Not    Air    fVom  Rranda,    h  a  sinaH  roeky    idand, 
wbM   hath  been  homing  and  tremblkig  fbr  nmriy  ceotuHn; 
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mid  in  another  small  island,  opposite  lo  Santiuma,  is  a  TolcaDO  that 
has  been  burning  at  difierent  intervals  for  aumy  ages.  On  the  sum- 
mit of  a  niouataio,  in  the  province  of  Figo*  is  a  large  cavern,  for* 
nierly  the  mouth  of  a  volcano,  but  the  flame  has  ceased,  probably 
for  vraut  of  combustible  matter.  In  the  same  province,  near  a  re- 
ligious structure  called  tlie  Temple  of  the  Jealous  God  of  Aso,  a 
perpetual  flame  issues  from  the  top  of  a  mountain.  In  the  province 
of  TAickusen  is  another  burning  mountain,  where  was  formerly  a 
coal-pit  I  but  it  being  set  on  fire  by  the  carelessness  of  the  work- 
men, it  has  been  burning  ever  unce.  Sometimes  a  black  smoke, 
accompanied  with  a  very  disagreeable  stench,  is  observed  to  issue 
out  of  the  top  of  a  famous  mountain  called  Fesi,  in  the  province  of 
Seruga.  This  mountain  is  said  to  be  nearly  as  high  as  the  Peak  of 
Teneriffe,  but  in  shape  and  beauty  is  supposed  to  have  no  equal, 
and  its  top  is  covered  with  perpetual  snow. 

Captain  Gore,  when  leaving  the  coast  of  Japan,  passed  by  great 
quantities  of  pumice-stone,  several  pieces  of  which  were  taken  up, 
and  found  to  weigh  from  one  ounce  to  three  pounds  i  it  was  con- 
jectured that  these  stones  had  been  thrown  mto  the  sea  by  eruptions 
at  various  times,  as  many  of  them  were  covered  with  barnacles,  and 
others  were  quite  bare. 

SECTION  It. 

Volcanoa  of  Kamtschatka* 

Thxrb  are  three  burning  mountains  in  Kamtschatka  ithich  for 
many  years  have  thrown  out  a  considerable  smoke,  but  do  not  often 
burst  into  flame.  One  of  these  »  situated  in  the  neighbourhood 
of  Awataka;  another  called  the  volcano  of  Tolbatchiek,  is  si- 
tuated on  a  neck  of  ground  between  the  river  Kamtschatka, 
and  the  Tolbatchiek.  In  the  beginning  of  the  year  1739,  a 
whirlwind  of  flames  issued  from  its  crater,  which  reduced  to  ashe* 
the  forests  on  the  neighbouring  mountains :  this  was  succeeded  by 
a  cloud  of  smoke  which  overspread  and  darkened  the  whole  ooon« 
try,  till  it  was  dissipated  by  a  shower  of  cinders,  which  covered  the 
ground  to  the  distance  of  thurty  miles.  The  third  volcano  is  on  the 
top  of  the  mountam  of  Kamtschatka,  which  is  described  as  by  Ikr 
tk  Ujgbest  in  the  penmsula;  it  rises  from  two  tows  of  hills^  soaae* 
what  ui  the  form  of  a  wpf  liiifj  to  a  very  gsaat  height;  usually 
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throws  out  ashes  twice  or  thrice  m  >ear,  flometiines  in  saoh  qutt* 
titles,  that  for  three  hundred  versts  round  the  eaitb  is  covered  widi 
them :  a  conflagration  began  on  the  95th  of  September^  in  tbe  jctr 
1737,  and  continued  burning  a  week,  with  toch  violence,  that  the 
mountain  appeared,  to  those  who  were  fishbg  at  tea,  like  one  red- 
hot  rock ;  and  the  flames  that  burst  through  several  epeniqgs>  wiffa 
a  dreadful  noise,  resembled  rivers  of  fire*    Fhmi  the  inside  of  the 
mountain  were  heard  thnnderings,  crackinies,  and  bioirh^  Ifte  the 
blast  of  the  strongest  bellows,  shaking  all  the  ncighboiiring  conntrj ; 
the  nights  were  most  terrible ;  but  at  last  the  conAagraidon  ended, 
by  the  mountain's  casiiiig  out  a  prodigious  quaotitj  of  cinden  and 
ashes,  among  which  were  porous  stones,  and  glass  of  various coloun* 
When  Captain  Clerk  sailed  out  of  the  harbours  of  Staints  Peter  and 
Paul,  to  the  northward,  an  eruption  of  the  first  of  these  volcanoes 
was  obierved,  being  on  the  15th  of  June,  1778 ;  before  daj^-lijghta 
ruiubling  noise  was  heard,  resembling  distant  hollow  thonder ;  and 
when  the  day  broke,  the  decks  and  sides  of  the  ships  were  seen  to 
be  covered  with  a  fine  dust  like  emery,  near  an  inch  thick,  the  sir 
at  the  same  time  continued  loaded  and  darkened  with  this  sob* 
stance,  and  towards  the  mountain,  which  is  situated  to  the  north  of 
the  harbour,  was  so  thick  and  black,  that  the  body  of  the  hill  coold 
not  be  distinguished.    About  twelve  o'clock,  and  during  the  after- 
noon, the  explosionii  became  louder,  and  were  followed  by  showers 
of  cinders,  which  were  in  general  about  the  size  of  |>eas,  though 
many  were  picked  up  upon  the  deck  larger  than  a  hazel  nut.   Along 
with  the  cinders  fell  several  small  stones,  which  had  undergone  00 
change  from  the  action  of  fire.     In  the  evening,  dreadful  thunder 
and  lightning  came  on,  which,  with  the  darkness  of  tbe  sttmospberc, 
and  the  sulphureous  smell  of  tbe  air,  produced  altogether  a  most 
awful  effect.    The  ships  were  at  that  time  about  eight  leagues  from 
the  foot  of  the  mountain.     Capt.  Clerke  was  infiwrned,  on  his  re* 
turn,  that  at  the  craters  of  St.  Peter  and  of  St.  Paul  stones  were  throwa 
forth  of  the  size  of  a  goose's  egg, 

SECTION  III. 

Volcanoes  q/tfie  New  Hebrides. 

A  cluster  of  islands  in  the  Pacific  Ocean,  which  was  first  traced  by 
Quiros,  in  1606,  next  by  M.  de  Bougainville,  in  1768,  ud  after- 
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ward  by  Captain  Cook,  the  first  of  whom  called  what  he  had  disco- 
vered Sierra  del  Esperitu  Santo  ;  the  next,  the  Archipelago  of  the 
Great  Cyclades ;  and  the  last,  who  visited  each  island,  the  New  He« 
brides,  are  situated  between  the  latitudes  of  4(f  2gf  and  ^0"  4f  south, 
and  between  l6^4i'  and  170^  21'  east  longitude ;  they  are  eighteen 
in  number,  and  extend  one  hundred  and  twenty-five  leagues  in  the 
direction  of  north,  north-west,  and  south-south-east.  On  one  of  the 
islands,  which  is  named  Tanna,  a  volcano  was  seen  from  Captain 
Cook's  ship,  about  four  miles  to  the  westward,  which  was  burning 
with  great  fury.  In  the  night  of  the  5th  of  August,  1774,  it  vo- 
mited vast  quantities  of  fire  and  smoke,  and  the  flames  were  seen 
to  rise  above  the  hills  which  lay  between  it  and  the  ship.  At  every 
eruption  it  made  a  loud  rumbling  noise,  like  that  of  thunder,  or  the 
blowing-up  of  Uirge  mines.  A  heavy  shower  of  rain,  which  fell  at 
the  same  time,  seemed  to  increase  it ;  and  the  wind  blowing  from 
that  quarter,  the  air  was  loaded  with  its  ashes,  which  fell  so  thick, 
that  every  thing  was  covered  with  the  dust.  It  was  a  kind  of  fine 
sand  or  stone,  ground  or  burnt  to  powder,  and  was  exceedingly  trou- 
blesome to  the  eyes^ 

ICook.  Qiisrof.  Bougainville,  Forster.1 


CHAP.  XIV. 

VOLCANOES  OF  THE  AFRICAN  ISLANDS. 

X  HE  continent  of  Africa  appears,  as  far  as  we  are  acquainted  with 
it,  to  have  been  but  little  afflicted  with  volcanic  visitations  at  any 
time*  Bat  its  diflRtrent.groupes  of  islands  exhibit  strong  and  strik* 
ing  marks  of  this  terrible  scourge.  These  are  chiefly  to  be  traced  in 
St.  Helena,  among  the  Cape  Verd  and  Fortunate  Islands,  or  Cana- 
ries, and  in  the  Isle  of  Bourbon  or  Reunion :  to  which  we  shall  con- 
fine our  attention. 
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SBCTXOK  U 

Volcanoes  of  St.  Helena. 

Besides  tli«  volcanoes  which  are  still  bunih^  there 
rahle  mountains  which  l>ear  evident  marks  of  fin  that  is  mom  eitiaefc 
and  has  been  so  from  the  time  of  the  earliest  traditaoiia :  imniig 
these  is  the  isolated  rock  of  St.  Helena,  where  the  inegaalitiea  of 
surfMe  are  manifestly  the  effect  of  the  siakiBg  of  the  certfc ; 
for  the  opposite  ridges,  though  always  separated  by  deep^  mA 
sometimes  by  broad  vailies,  aie  eiactly  similar,  both  hi  appear* 
ance  and  direction:  and  tltat  the  suikiag  of  the  caitb  in  these 
parts  was  caused  by  subterraneons  fires,  is  eqnaUy  ■anifrit  firaai 
the  stones;  for  some  of  them,  especially  those  in  the  bettom  of 
the  vaUies,  are  burnt  almost  to  a  cinder;  in  some  there  are  amaU 
babbles  like  those  that  are  seen  in  glais  wUch  has  been  wged  al- 
most to  ftuion;  and  son^e,  though  at  flrrt  sight  tbey  do  nol  appear 
to  have  been  exposed  to  the  action  of  great  bent^  wiU  be  founds 
upon  a  dqper  inspection,  to  contain  small  pieces  of  extiaBeons  be* 
dies,  as,  particularly,  mundick,  which  have  yielded  to  the  power  of 
fire,  tliough  it  was  not  sufficient  to  alter  the  appearance  of  the  stone 
which  contained  them. 

SECTION    IX. 

Volcanoes  of  the  Cape  Verd  Islands. 

This  group  of  islands  afibrd  several  that  have  been  Jong  extinct* 
Among  those  that  are  occasionally  active,  the  chief  bto  be  /boocl  in 
the  island  of  Fogo  or  Fuego.  Thb  b  situated  in  latitude  19*  ^</ 
north,  b  much  higher  than  any  of  the  rest,  and  appears  at  sea  like 
one  continudO  mountain.  In  sailing  by  it,  no  valleys  are  to  be 
seen,  these  only  resembling  gutters,  made  by  torrents  of  ram  ran* 
ning  down  the  mountain :  but  when  a  person  b  on  shore,  near  one 
of  these  seemuig  gutters,  he  finds  that  they  are  deep  vallies  bounded 
by  lofty  mountains* 

On  the  top  b  a  volcano,  which  may  be  seen  at  a  great  dbtance  at 
lea*  It  sometimes  casts  forth  fragments  of  rock,  of  an  amasing  siac; 
to  a  vast  height,  with  a  noise  like  that  of  the  loudest  thunder ;  aad 
sometimes  torrents  of  flaming  brimstone  pour  from  the  peak,  like 
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bitants  can  gather  what  quantities  of  that  mineral  substance  they 
please.  It  is  not  unlike  common  brimstone,  but  is  of  a  mu^fa  brighter 
colour,  and  on  being  burnt,  gives  a  clearer  fiame.  At  other  times, 
tkt  volcano  casts  forth  such  an  amazing  quantity  of  ashes,  that  the 
a^iacent  parts  are  covered,  and  many  goab  smothered. 


SECTION  III* 

Volcanoes  of  the  Canaries. 

Tub  principal  volcanoes  belonging  to  this  group  of  iskmds  aie  to 
be  met  with  in  Lancerota,  Fuertaventura,  Palma,  and  Teneriie. 

JnLancerota  and  Fnertaventura,  are  many  hills  that  were  formerly 
volcanoes,  the  tops  of  which  are  of  a  small  circumference,  and  are 
fiollow  for  a  little  way  downward  ;  the  edges  of  the  tops  being  usually 
narrow  and  sharp,  and  on  the  outside  is  generally  seen  a  great  deal 
of  blad[  dust,  and  burnt  stone,  like  pumice-stone,  only  darker  and 
more  ponderous.  No  eruptions  have  been  known  to  happen  for 
several  ages,  except  one  at  Lancerota,  which,  about  sixty  years  ago, 
broke  out  on  the  south-west  part  of  the  island,  throwing  out  such  an 
immense  quantity  of  ashes  and  huge  stones,  and  with  so  dreadful  a 
noise,  that  many  of  the  inhabitants,  leaving  their  houses,  fled  to 
Fuertaventura ;  but  some  time  after,  finding  that  those  who  veo* 
tared  to  stay  had  received  no  hurt,  they  took  courage,  and  returned. 
This  volcano  was  near  the  sea,  in  a  place  remote  from  any  habi- 
tation. At  a  small  distance  from  it,  a  pilhir  of  smoke  issued  from  the 
sea,  and  afterwards  a  small  pyramidical  rock  arose,  which  still  con- 
tinues. This  rock,  was  joined  to  the  island  by  the  matter  thrown  out 
of  the  volcano.  The  noise  of  the  eruption  was  so  loud,  that  it  was 
beard  atTenerifl^i  altfaough  at  the  distance  of  forty  leagues,  which 
was  probably  occasioned  by  the  wind  generally  blowinf  from  Laneo* 
rota  toward  that  island. 

Palma  is  a  high  and  spacious  mountain,  steep  on  all  skies. 
It  is  called  La  Caldera,  or  the  Cauldron,  from  a  hollow  like  that  on 
the  Peak  of  Tenerifle.  The  summit  is  about  two  leagues  in  drcnni- 
fcrence,  from  which,  on  the  inside,  the  Cauldron  descends  gradually 
to  the  bottom,  which  is  a  space  of  about  thirty  acres.  On  the  de* 
clivity  of  the  inside  spring  several  rivulets,  which,  joming  togethtr 
at  the  bottom,  issue  in  one  stream  thioi^  a  passage  to  the  outside 
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of  the  mountain  from  which  this  brook  desccndf,  and  hnvkig  tm 
lome  distance,  turns  two  sugar  mills.  The  water  of  tbia  stppaa  k 
unwholesome^  on  account  of  its  mixing  with  other  water  of  a  perai- 
dous  quality  in  the  Cauldron,  all  the  inside  of  which  aboonds  with 
herbage,  and  is  covered  with  palms,  {Ntch-pine^  laurel,  l^gmmiH 
rhodium,  and  ratamas,  which  last  have  in  thb  tsUmd  a  jellow  baik* 
and  grow  to  the  size  of,  large  trees,  but  in  the  others  they  are  onij 
shrubs.  The  people  here  take  great  care  not  to  let  the  he-goals 
feed  on  the  leaves  of  the  ratama,  as  they  imagme  those  leaves 
breed  a  stone  in  the  bladder,  which  kilb  the  animal. 

Tenkrif,  or  the  Whiie  Moumtahh  derives  its  name  from  the  in- 
habitants  of  the  neighbouring  island  of  Palma,  among  whom  #Aaiar, 
we  are  told  by  GUs,  imports  a  mountam,  and  {^  white,  its  peak  or 
summit  being  always  covered  with  snow.  On  the  north-west  side 
of  tlie  island  is  a  bay  called  Jdext^  or  rather  Adeke,  where  iaige 
ships  may  anchor :  and  on  its  north-west  side  is  a  havcu  called  Gar- 
rachica,  once  the  best  port  in  the  island,  but  destrc^fed  by  a  tre- 
mendous earthquake  in  1704,  which  the  natives  have  significantly 
denominated  the  "  earthquake-year/  The  harbour  was  fiUed-up 
by  the  river  of  burning  lava  that  flowed  into  it  from  the  volcano^ 
so  that  houses  are  now  built  where  ships  fbrmeriy  lay  at  anchor; 
though  vessels  may  safely  approach  the  coast  in  the  summer. 

The  earthquake  began  on  December  34  of  the  above  year,  and  in 
the  space  of  three  hours  not  less  than  twenty-nine  shocks  were  felt. 
They  still,  however,  increased  in  violence,  so  as  at  length  to  rock 
all  the  houses,  and  oblige  the  iuliabitants  to  abandon  them.    The 
consternation  became  universal ;  and  the  people,  with  the  bishop  at 
their  head,  made  processions  and  prayers  iu  the  open  6elds.     Oa 
the  3 1st,  a  great  light  was  observed  at  Manja,  towards  the  White 
Mountains,  when  the  earth  opening,  two  volcanoes  were  formed 
that  threw  up  such  heaps  of  stones,  as  to  raise  two  considerable 
mouotaiiis.     On  the  5th  of  January  the  sun  was  totally  obscured 
with  clouds  of  smoke  and  flame,  which  continually  increasing,  aug- 
mented the  consternation  and  terror  of  the  inhabitants.     Before 
night,  the  whole  country,  for  nine  miles  round,  was  in  flames,  by 
the  flowing  of  the  liquid  fire  with  the  rapidity  of  a  current,  into  all 
quarters,  from  another  volcano,  which  opened  by  at  least  thirty  dif- 
ferent vents  within  the  compass  of  half  a  mile.     The  horror  of  this 
the  rushing  of  water  down  a  steep  mountain ;  after  which  the  mba- 
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scene  was  greatly  increased  by  the  violeece  of  the  shocks,  which 
never  once  remitted,  but  by  their  force  entirely  overthrew  several 
houses,  and  shook  others  to  their  very  foundations;  while  the 
wretched  inhabitants  were  again  driven,  defenceless  and  dismayed, 
into  (he  open  fields,  where  they  every  moment  expected  to  be  swal- 
lowed-up  by  some  new  gnlph.  The  noise  of  the  volcanoes  wa^ 
heard  at  the  distance  of  twenty  leagues,  and  even  there  the  sea  shook 
with  such  violence  as  alarmed  the  mariners,  who  apprehended  thai 
the  ship  had  struck  upon  a  rock.  Meanwhile,  a  torrent  of  s^ilphur 
and  melted  ores  of  different  kinds  rushed  from  this  last  volcano  to* 
ward  Guimar,  where  the  houses  and  public  buildings  were  thrown 
down  by  the  violence  of  the  accompanying  shocks.  On  the  2d  of 
February  another  volcano  broke  out, '  even  in  the  town  of  Guimar^ 
which  swallowed  up  a  large  church.  From  the  24th  of  December 
to  the  23d  of  February,  the  people  were  constantly  alarmed  by  con- 
tinual shocks  of  earthquakes,  and  the  terrible  volcanoes  that  burst 
forth  in  different  parts  of  the  island.  Since  that  time  no  earthquake 
or  eruption  has  happened,  but  smoke  continually  issues  from  near 
the  top  of  the  mountain. 

It  is  in  the  centre  of  Teneriffe,  whose  form  is  nearly  triangular, 
each  side  about  twelve  leagues  long,  that  we  meet  with  the  cele- 
brated pike  gr  peak,  called  Teyde  by  the  ancient  inhabitants,  a 
name  which  it  retains  to  the  present  day.  There  are  three  valuable 
accounts  of  joumies  made  to  the  top  of  the  peak  by  Englbh  tra* 
vellers :  that  of  Dr.  Spratt,  Bishop  of  Rochester ;  that  of  Dr.  He^ 
berden,  both  contained  in  the  Philosophical  Transactions ;  and  that 
of  Mr.  Glas,  who  ascended  it  about  nine  years  after  Dr.  Heberden, 
and  has  given  a  minute  description  of  his  tour  in  his  History  of  the 
Canary  Islands.  The  substance  of  these  different  accounts  shall  b^ 
laid  before  the  reader. 

In  the  beginning  of  the  month  of  September  1761,  nt  about  four 
in  the  afternoon,  Mr.  Glas  set  out  on  horseback,  in  company  with 
the  master  of  a  ship,  to  visit  the  peak.  They  had  with  them  a  ser- 
vant, a  muleteer,  and  a  guide ;  and,  after  ascending  about  six  miles, 
arrived  toward  sun-set  at  the  most  distant  habitation  from  the  sea, 
which  is  in  a  hollow :  here  finding  an  aqueduct  of  open  troughs,  that 
convey  water  down  from  the  head  of  the  hollow,  their  servants  wa- 
tered the  cattle,  and  filled  some  small  barreb  to  serve  them  in  their 
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cxpedilii'U.  The  '-'n'Wrnen  lictc  aligliteit,  and  nalkmg  intv  dir 
bollow,  found  il  very  plraaant,  nhuutiding  with  taany  trees  that  •nil 
forlh  an  odoril'etouit  »mell;  aiid  near  the  liousea  neresome  Aeldiof 
nmiie,  or  Indian  com. 

Mounliii"  again,  lliey  travelled  lor  tome  lime  u|>  a  sfe^p  rmd,  and 
reached  the  woods  and  dondsjusl  as  it  gn  w  daik.  Tlwy  conid  not 
jithi  ibeir  waj,  tlic  road  being  bouiided  on  both  sides  nitti  lree»  or 
bnsbei,  wlitch  were  chiefly  laurel,  snvine,  and  brudi-wood.  Having 
travelled  about  a  mile,  Ihey  came  to  llie  up|>er  erie*  of  ''"f  wood, 
above  tlie  clau<ts,  uberc  iitiphiing,  tliey  niiide  a  tire,  and  tupped: 
loon  after  whicli  they  Uy  down  to  slet^i  under  the  bu«hes. 

About  half  an  hour  after  ten,  the  moon  shining  brigbt,  tliry 
mounted  again,  inivclling  alnwly  two  linurs,  tIJTough  an  exceeding 
bnd  road,  resemblin;!  Ihe  ruins  of  stone  buildings,  scatteret)  over  ti>e 
fields.  After  they  bad  got  out  of  this  n^ad,  thev  came  upon  small 
light  ptini  ice -stone,  like  sliingle  ;  upon  whicb  tliey  rode  Bt  a  pretty 
good  puce  for  near  an  liour.  Die  air  now  began  (o  be  very  »bar|), 
eald,  and  piercing-  Hieir  guide  advised  thnh  )o  al^^  here,  ibIIk 
place  wai  coDvcnieot,  and  re.it  till  four  or  6ve  iH  the  meraBg.  Ta 
Hm  they  agreed,  and  enlered  a  ctn,  the  OMHitb  orwfcich  «wt  baih 
Up  to  about  B  man's  heisht ,  to  eXcIiKk  tb»  aOA,  Here  tbejr  6»aA 
flome  dry  withered  relamas,  which  was  tlie  aa\y  ihnib  or  vegetable; 
Willi  Iheae  Ibej:  made  a  great  fire,  and  tbeB  fcll  asleep;  bat  ikr 
MOD  Rwake<l  by  an  itching  occasioned  by  a  cold  Ihiu  air,  want  of 
comfortable  lodgment,  and  sleeping  in  their  cloatha ;  bnt  although 
they  lay  *o  near  the  fire  that  ot>e  side  was  altiHwt  scorched,  yet  the 
other  was  i>enumbed  with  cold. 

At  aboat  five  hi  the  morning  they  uiounled  agtiii,  and  (raveffed 
■lowly  about  a  mile ;  for  the  road  was  rather  too  steep  for  traTclling 
quick  on  horseback,  and  their  beasts  were  become  fatigued.  At  last 
they  came  amotig  some  great  loose  rocks,  wliere  was  a  kind  nf  cot- 
tage built  of  loose  stones,  called  La  Estantia  de  lot  Ingleses,  or  the 
Englitb  baiting*ptace,  probably  from  some  of  Ifae  EngHsh  restit^ 
here  on  llteir  way  to  visit  the  peak  i  for  none  take  that  jonniey  but 
foreigners,  and  some  poor  people  who  earn  their  bread  by  gathering 
brimstone.  Here  they  again  alighted,  the  remainder  «f  tfaefr  way 
bemg  too  steep  for  riding,  and  left  the  servant  to  look  al^er  lb* 
bones,  while  they  proceeded  on  tberr  jOurmy.    The;  walked  hard 
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to  get  tbemselves  a  heat,  but  were  soon  fatigued  by  the  steepneis 
of  the  road*  which  was  loose  and  sandy.  Oo  their  reaching  the 
top  of  this  hilly  they  canie  to  a  prodigious  number  of  large  and 
loose  rocks  or  stones,  whose  surfaces  were  flat,  and  each  of  tbetn 
cm  a  medium  about  ten  feet  every  way.  This  road  was  less  steep 
than  the  other ;  but  they  were  obliged  to  make  many  circuits  to 
avoid  the  rocks. 

Here  is  the  faoKMis  cave  of  Teyde^  which  is  surrounded^  or  rather 
buried,  on  all  sides  by  large  volcanic  rocks,  which  the  Spaniards  call 
mal^payses*  The  cave  is  about  fifteen  leet  wide  at  the  entrance, 
but  its  extremity.  Dr.  Heberden  says,  he  could  not  discover.  Here 
too  is  the  grand  reservoir  of  snow,  whence  these  islanders  are  sup- 
plied, when  their  common  reservoirs,  which  fumisfa  snow  for  cooling 
their  liquors,  fail  them.  Mr.Glas  and  his  company  entered  it. 
They  found  the  water  so  excessively  cold  that  it  could  not  be  drimk. 
After  travelling  about  a  quarter  or  half  a  mile  upon  the  great  stones, 
they  reached  the  bottom  of  the  real  peak  or  sugar-loaf,  which  is  ex- 
ceeding steep,  and  the  difficulty  of  ascending  was  increased,  and 
rendered  more  fatiguing,  by  the  ground  bemg  loibse,  and  giving  way 
under  their  feet ;  for  though  thb  eminence  is  not  above  half  a  mile 
in  height,  they  were  obliged  to  stop  and  take  breath  near  thirty 
times ;  and  when  they  at  last  reached  the  top,  being  quite  spent  with 
fatigue,  they  lay  about  a  quarter  of  an  hour  to  rest  themselves  and 
recover  their  breath. 

When  they  left  the  English  pitching-place  in  the  morning,  the  sun 
was  just  emerging  from  the  clouds,  which  were  spread  under  them, 
at  a  great  distance  below,  and  appeared  like  this  ocean.  Dr.  Heber- 
den says,  ''  a  sea  of  ash-coloured  clouds  appeared  below.'*  Above 
the  clouds,  at  a  vast  distance  to  the  north,  they  perceived  something 
black,  which  they  imagined  to  be  the  top  of  the  island  of  Bfadeira, 
and  taking  the  bearings  of  it  by  a  pocket  compass,  found  it  to  be  ex- 
actly in  the  direction  of  that  island  from  Teneriffe ;  but  before  diey 
reached  to  the  top  of  the  peak  it  disappeared.  From  this  spot  they 
saw  the  top  of  the  islands  of  Oran  Canaria,  Hiero,  Pdma,  and  Oo- 
mera,  which  seemed  to  be  quite  near,  but  could  neither  perceive 
Lancerota  nor  Fuertaventunij  they  being  not  high  enough  to  pierce 
the  clouds. 

The  top  of  the  peak  b  about  an  hundred  and  forty  yards  in  length. 
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and  an  hundred  and  ten  in  breadth.  It  it  boUow^  and  shaped  like  a 
bell  with  the  mouth  upward,  says  Mr.  Olai.  Dr.  UebcfileB  de» 
scribes  it  as  resembling  a  truncated  cone  with  its  base  nppemost. 
These  two  travellers  differ  widely  as  to  the  depth  of  the  crater^  which 
the  natives  call  caldera,  the  first  calling  it  forty  yards  to  the  botfOH^ 
the  latter  saying  it  is  about  twelve  or  fifteen  feet  deep.  This  cair 
dera  or  cauldron  is  nearly  circular,  its  diameter  about  forty  ftthoas. 
The  ground  is  very  hot»  and  from  near  twenty  spinMsia,  aa  fron  to 
many  chimnies>  a  smoke  or  vapour  arises^  which  is  of  a  strong  sul- 
phureous smell.  The  whc»le  soil  seemed  mixed 'or  powdered  with 
brimstone^  which  formed  a  beautifully-coloured  surfree.  There  is 
one  of  the  rocks  which  forms  a  kind  of  vault  or  niche,  against  which 
the  vapours  condensing,  produce  what  the  inhabitants  call  mafit  de 
goiOt  or  drop*brimstone.  On  observing  some  spots  of  earth,  or 
soft  clay,  Mr.01as*s  company  tried  the  heat  with  their  finger^ 
but  could  not  thrust  them  in  farther  than  half  an  inch,  for  the 
deeper  they  penetrated  the  hotter  they  felt  it.  Tliey  then  took 
their  guide's  staff,  and  thrust  it  about  three  inches  deep  into  a 
hole  or  porous  substance,  where  the  smoke  seemed  thickest,  and 
having  held  it  there  about  a  minute,  drew  it  out,  and  found  it 
burned  to  charcoal. 

From  this  spot  the  clouds  beneath  them,  which  were  at  a  great 
distance,  made  a  very  extraordinary  appearance  :  they  seemed  like 
the  ocean,  only  tlie  surface  was  not  quite  so  blue  and  smooth,  but 
had  the  resemblance  of  white  wool ;  aud  ubere  this  cloudy  ocean, 
as  it  may  be  called,  touched  the  mountain,  it  seemed  to  foam  like 
billows  breaking  on  the  shore.  When  they  ascended  througii  the 
clouds  it  was  dark ;  but  when  they  afterward  mounted  agaiD,  be* 
tween  ten  and  eleven  o'clock,  and  the  moon  hhone  bright,  the  clouds 
were  then  below  them,  and  about  a  mile  distant  They  then  mis- 
took tiiem  for  the  ocean,  and  wondered  to  see  it  so  near,  nor  did 
they  discover  their  mistake  till  the  sun  arose.  When  in  descending 
from  the  peak,  they  passed  through  the  clouds,  they  appeared  as  a 
thick  fog  or  mist,  resembling  those  frequently  seen  iu  England :  all 
the  trees  of  the  wood,  and  their  clothes  were  wet  with  them. 

On,  the  top  of  the  peak  the  air  was  thin,  cold,  and  piercing,  like 
f  lie  south-easterl)  winds  felt  iu  the  great  desert  of  Africa.  In  ascend- 
ing the  sugar-loaf,  which  is  very  steep,  and  covered  with  snow  the 
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greatest  part  of  the  year,  their  hearts  panted  and  heat  violently,  and, 
as  hath  heen  already  ohserved,  they  were  obliged  to  rest  about  thirty 
times  to  take  breath  ;  and  this  was  probably  as  much  owing  to  the 
thinness  of  the  air  causing  a  difficulty  of  respiration,  as  to  the  un- 
conunon  fatigue  they  suffered  in  climbing  the  hill.  Their  guide, 
who  was  a  thin,  active  old  man,  was  far  from  being  affected  in  the 
same  manner,  but  climbed  up  with  ease  like  a  goat ;  for  he  was  one 
of  the  poor  men  who  earn  their  living  by  gathering  brimstone  in  the 
cauldron,  and  other^ volcanoes,  the  peak  itself  being  no  other^  though 
it  has  not  burned  for  some  years ;  for  the  sugar-loaf  is  entirely  com- 
posed of  earth  mixed  with  ashes  and  calcined  stones,  thrown  from 
the  bowels  of  the  earth,  and  the  great  square  stones  before  described 
were  probably  thrown,  in  some  eruption,  out  of  the  cauldron,  or 
hollow  of  the  peak,  when  it  was  a  volcano. 

Having  surveyed  every  thing  worthy  of  notice,  they  descended  to 
the  place  where  they  had  left  their  horses,  which  took  them  up  only 
half  an  hour,  though  they  were  about  two  hours  and  a  half  in 
ascending.  It  was  then  abput  ten  in  the  morning,  and  the  sun  shone 
so  exceedingly  hot,  that  they  were  obliged  to  take  shelter  in  the 
cottage,  and,  being  extremely  fatigued,  laid  themselves  down  to 
sleep ;  but  the  cold  was  so  intense  in  the  shade,  that  they  could  not 
close  their  eyes,  and  tiiey  were  obliged  to  kindle  a  fire  to  render 
their  situation  supportable. 

They  were  then  enabled  to  take  some  repose ;  after  which  they 
mounted  their  horses  about  noon,  and  descending  by  the  same  way 
they  went  up,  .came  to  some  pines,  situated  about  two  miles  above 
the  clouds.  Between  these  pines  and  tlie  peak  no  herb,  shrub,  tree, 
or  grass  can  grow,  except  the  before-mentioned  ratamas.  At  about 
five  in  the  evening  they  arrived  at  Oratava,  not  having  alighted  by 
the  way  to  stop,  only  sometimes  to  walk  where  the  road  was  too 
steep  for  riding. 

It  should  seem  that  Mr.  Gias  made  hb  journey  up  the  mountain 
rather  too  late  in  the  season ;  for  Mr.  Anderson,  who  was  surgeon 
ou  board  the  Resolution,  in  Captain  Cook's  third  voyage  round  the 
world,  was  assured,  when  here,  that  no  person  can  live  comfortably 
within  a  mile  of  the  perpendicular  height  of  the  peak  after  the  month 
of  August.  Dr.  Heberden  made  his  journey  in  the  month  of  Fe- 
bruary. 

The  whole  distance  they  rode  in  the  five  hours  spent  in  coming 
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down  front  Ihe  Engliah  pitcliiiig-place  to  OroUva,  tlic>-  conipuI«l  b 
h*  aboNt  fiftceti  EnglUh  milM,  travelling  at  the  rate  of  about  llint 
Miles  ao  Iiour.  Mr.GIas  supposes  the  (lerpeiidiciiar  bcigbt  mf  ibe 
English  pirchiug-place  to  be  about  font  Euglish  miles  and  addiDg 
to  that  a  inilc  of  pctpeiidicular  heigbt  from  it  lo  llie  pesk,  ob- 
■trves,  Ik«l  the  whuk  will  be  about  five  EngUah  luiles,  ami  that  he 
ia  very  certain  he  caonui  be  niinuken  in  llirs  calculalioD  abuve  a  mik 
cilhn  woj  i  but  Ibis  is  merely  conjeclural,  being  foundeil  on  no 
•oM  iata.  Dr.  lieberdeu,  wlw  was  ptuvided  »i;b  ptoptr  mttru- 
menifl  to  asrerlain  its  heighl,  and  has  nraAv  ihe  Dicesl  obwrvalioiii 
•ttfaree  difttmit  times,  found  it  to  bn  2*66  ftlhoms,  or  15,S9<> 
Eoglith  feel,  above  Ihe  level  of  tlie  sea,  h  bitli  is  oiilj  1  iH  vards  Ws 
llian  three  tniies,  reckonitig  llie  mile  at  176O  vatd«;  but  liic  Chew- 
lierde  Borda,  who  measured  the  liei|;bl  ot'llibinotmlain  in  ifaeveai 
177€t  makes  it  to  be  only  1931  toises,  or  12340  English  feel.  Capl. 
Cosk,  in  liis  first  voyage,  describes  llie  Bppcaraiice  of  Ibis  mounlain. 
wbn  Tiewed  from  the  sea  at  sun-jet,  as  very  striking ;  for  when  tbe 
■an  mu  below  Ibe  horizon,  and  the  resL  of  the  island  apfieared  of  a 
deep  Uatk,  the  mouiititin  still  reflected  his  ivys,  and  gloned  with  a 
wsrath  of  colour  nhicb  no  painting  can  express.  Mr^  Wiiltam  Ao- 
idenon,  already  mentioned,  soys  of  llie  peak  of  Tenenfle,  "  ll  is  cer- 
tainly fiir  from  etjnalliag  Ihe  noble  figure  of  Pico,  one  of  die 
Western  Islands,  though  its  perpeodicular  b«^t  may  bejnala-. 
nis  circuiBstance  perhaps  arises  from  its  being  lorTOUDded  by  other 
iHgh  hilb,  whereas  I'ico  stands  withoat  a  rival. 

Though  the  body  of  Hie  mountain  is  covered  withaloads,  tbe  peak 
is  generally  seen  above  thein.  quite  clear,  but  sometinws  the  eoatnaj 
happens,  the  whole  body  of  the  mounlain  being  without  a  cioud, 
and  only  Ibe  suninHl  of  the  peak  covered  with  a  ttock  white  cload,  as 
with  ■  cap.  "  This,"  says  Dr  Heberden,  "  is  often  atneTred  iathe 
finest  weather,  and  the  Spaniards,  on  this  occasion,  say,  "  Elfim 
tiaientwmirenthpmttto,  Tlie  peak  has  put  his  littlefaatoo  T  ««1  the 
kwlt  on  it  as  a  certain  sign  of  rain.  'Ihe  doctor  saya  farther,  that 
during  the  sia  or  seven  years  that  he  lived  in  tbe  villm  of  Orotan, 
where  he  had  a  continual  sight  of  the  peak,  he  never  lemembered  oat 
iastance  in  which  the  prediction  of  rain  failed.  When  Sit  JoHfih 
Banks  visited  this  island,  the  doctor  presented  him  with  some  »Il, 
which  be  collected  at  the  top  of  the  mountain,  which  be  auppcMi  to 
be  tbe  tiue  latnim,  or  nilruiD,  of  tbe  bi 
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SECTION  IV. 

Folcauoes  of  the  Isle  of  Bourbon. 

The  face  of  the  Isle  of  Bourbon  or  Reunion  is  peculiarly 
tolcanic,  and  studded  with  masses  of  basaltic  columns,  of  various 
forms  and  directions.  M.  Bory  has  given  an  interesting  and  pic* 
tnresque  description  of  these,  in  his  **  Voyage  dans  les  quatres 
principales  Isles  des  Mers  d'Afrique/'  printed  at  Paris  1804,  in 
3  vols.  8vo.  The  principal  summit  of  the  volcano  is  allowed  to  re- 
tain the  appellation  of  AfarcormAar,  after  the  name  of  the  Portuguese 
admiral  by  whom  the  island  was  first  discovered.  ''  The  small  hill/* 
says  M.  Bory,  *'  at  tlie  basis  of  which  we  were  now  arrived^  after  so 
much  fatigue,  is  about  a  hundred  and  sixty  feet  in  height.  It  did  not 
appear  to  us  truncated,  and  we  soon  climbed  it,  though  the  sides 
be  very  steep,  so  as  to  form  with  the  horizon  an  angle  of  more  than 
eighty  degrees.  They  are  composed  of  little  currents  of  glassy 
licorise,  spongy,  very  light  and  brittle,  and  exteriorly  of  a  brown  co« 
lour,  with  metallic  or  red  reflections  from  the  pores.  This  volcanic 
substance  is  easily  broken  with  the  fingers,  and  reduced  to  brilliant 
dust,  which  resembles  aventurine.  From  the  top  of  the  Piton  we 
perceived,  on  the  right  and  the  left,  parts  of  the  circumference  of 
two  immense  craters,  which  induced  us  to  call  this  the  central  hill* 
Tlie  access  of  this  central  hill  is  nearly  perpendicular ;  and  on  the 
summit  is  a  round  hole  about  forty  fathoms  in  diameter,  and  eighty 
feet  in  depth.  'The  bottom  of  this  crater  was  filled  with  fragments 
of  greyish  lava,  |Hled  without  any  order,  while  the  sides  wera  very 
thin  and  much  scorified  on  the  outside ;  and  were  not  covered  with 
any  sort  of  varnish,  nor  with  that  lava  in  tears  or  drops,  which  in 
general  clothe  the  other  vents.  They  are  formed  of  confused  frag- 
ments of  different  hard  and  grey  lavas,  compact,  or  porous.  From 
some  rents  there  arose  light  vapours,  leaving  yellow  traces  of  snb* 
limated  sulphur,  on  the  spoti  exposed  to  their  contact.  At  one 
place,  where  a  projecting  rock  formed  a  cornice,  stop|ring  for  a  whOe 
one  of  these  ccurds  of  vapour,  it  was  dissolved  in  drops  of  water  to  n 
considerable  quantity; 

*'  Ingeneral  a  very  fklse  idea  is  formed  of  volcanoes,  and  nanj 
works  which  pretend  to  describe  them»  paint  them  very  diflRuent  from 
what  they  are*    If  we  believe  many  tnfdlen^  on  the  Inkk  of  n 
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craler,  the  eve  cannot  without  terror  penetrate  the  vast  depth*  Ah 
before  I  had  seen  volcanoes,  I  was  penoaded  that  their  chief  focus 
Has  not  their  summit,  and  that  the  substances  which  they  eject  were 
convened  from  a  great  depth,  I  believed  that  the  veats  of  a  bnmiiig 
mountaiu  were  immeasurable  precipices.  I  had  not  yet  reflected 
that  when  an  eruption  happens  lava  must  remain  in  the  interior  of 
the  crater,  forming  a  solid  bottom  when  the  volcano  ceased  to 
bum,  and  which  is  broken  by  the  following  eruptions. 

"  Meanwhile  we  asked  each  other  whence  the  sulphnreoos  va* 
pours  could  proceed,  which  annoyed  us  from  time  to  time,  and 
sought  to  guess  what  could  produce  the  noise  we  heard,  when  one 
of  our  company,  who  had  advanced  towards  the  left,  stopped  short 
with  strong  signs  of  terror.  On  hearing  his  inarticulate  cries,  I 
imagined  that  he  must  see  some  extraordinary  object,  which  he  could 
not  find  words  to  express.  The  negroes  around  him  stood  petrified. 
I  advanced,  and  at  the  sight  of  a  wonderful  spectacle  very  difficult 
to  describe,  I  was  seiied  with  amazement  in  my  turn,  and  could  not 
explain  my  sensations.  At  our  feet,  from  the  bottom  of  an  elliptic 
abyss  formed  like  a  tunnel  of  vast  extent,  and  of  which  the  sides  of 
burnt  lava  threatened  a  speedy  ruin,  issued  two  contiguous  ger^, 
or  perpendicular  s|)outs,  like  a  Chinese  tree  in  artificial  fire-works; 
but  here  the  fiery  matter  seemed  like  tumultuous  wavest,  darted  to  the 
iieight  of  more  than  a  hundred  twenty  feet,  dashing  against  each  other 
with  a  bloody  light,  io  spite  of  the  splendour  of  an  unclouded  sun. 

**  One  of  these  fiery  spouts  was  perpendicular,  while  the  other 
somewhat  oblique  seemed  at  intervals  to  diminish  or  increase. 
Rocks  not  yet  melted,  in  sharp  fragments,  distinguishable  on  the 
purple  of  the  burning  waves  by  their  deep  black  hue,  were  pushed 
with  violence  from  amidst  the  melted  matter  in  wihich  they  had 
passed  from  the  cavities  of  the  mountain,  and  fell  with  great  noise, 
describing  a  long  parabola.  A  continual  noise,  resembling  that  of 
a  vast  cataract,  accompanied  this  majestic  scene,  which  filled  the 
soul  at  once  with  terror  and  admiration.** 

The  account  of  several  eruptions  of  this  grand  volcano  is  also 
interesting.  The  lava  sometimes  give  indications  of  containing 
mineral  alkali.  In  the  eruption  of  1800,  the  lava  fell  in  three  tor- 
rents into  a  ravine,  about  eighty  feet  in  depths  forming  a  horrible 
cascade^  the  middle,  or  hottest  torrent  being,  by  the  account  com- 
municated to  M.  Bory,  as  fluid  as  water,  while  the  two  others 
teemed  to  have  the  consistence  of  honey.    When  the  lava  joined 
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the  sea,  the  scene  was  tremendous,  but  there  4s  .no  hint  of  any 
appearance  of  basaltic  columns.  The  spouts  of  fire  oilten  produce 
the  phenomenon  of  cords  of  lava,  twifited  iu  different  directions. 

[Phil.  Trans.  Cook.  De  Borda.  Glas.  Bory.] 
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AMERICAN    VOLCANOES. 


SECTION    !• 

Volcanoes  of  Mexico. 

W  £  shall  now  proceed  to  a  brief  notice  of  the  chief  volcanoes  of 
the  American  continent,  and  shall  commence  with  the  northern  side 
of  the  isthmus. 

The  very  singular  territory  of  Mexico,  or  New  Spain,  contains 
numerous  volcanoes  of  a  powerful  and  extraordinary  character.  Not 
fewer  than  twenty-one  are  laid  down  on  the  maps,  from  that  of  So« 
conusco,  in  the  north,  to  that  of  Vara  in  the  south.  They  are  all 
in  the  south  western  coast ;  and  after  a  considerable  interval,  re- 
emerge  towards  the  easteni  coast  in  the  vicinity  of  the  city  of  Mexico. 
The  principal  are  those  of  Orizava,  Popacatepec,  Iztacciliuath,  Has- 
cala,  Tentson,  Toloccam,  and  above  all  JoruUo,  or  Xunillo. 

The  volcano  of  Orisaba,  or  as  Clavigero  writes  it,  Pojauhtecatl, 
began  to  send  forth  smoke  in  1345,  and  continued  its  emissions  for 
twenty  years,  when  it  ceased,  and  has  not  since  renewed  them.  This 
celebrated  mountain  lies  sixty  miles  to  the  south-east  of  the  city  of 
Mexico,  not  far  firom  the  road  to  Vera  Crux.  According  to 
D'Auteroche,  it  is  the  loftiest  in  the  Spanish  territory ;  and  according 
to  Gage,  as  high  as  the  highest  of  the  Alps.  Its  summit  is  visible 
from  the  capital,  and  is  covered  with  perpetual  snow,  yet  its  sides 
are  adorned  with  forests  of  large  cedars  pines,  and  other  valuable 
and  pictuiesque  trees. 

The  detached  mountains,  called  by  the  Mexicans  Popacatapec  and 
Istaccihuatl,  but  by  die  Spaniards  Sierra  Nevada  [the  Snowy  ridge] 
in  the  neighbourhood  of  each  other,  lie  also  to  the  south-east  of 
Mexico,  at  about  thirty  miles  distant.    The  crater  of  the  former. 


AMERICAN    VOLCANOES.  481 

To  tbe  middle  of  the  eighteenth  centurjf  fields  of  sugar-canes  and 
indigo  extended  between  two  rivulets,  called  Cuitiniba  and  San  Pedro. 
They  were  skirted  by  basaltic  mouataiiis,  tbe  structure  of  which  seems 
to  indicate»  that  all  the  country,  in  remote  |>eriods,  has  several 
times  experienced  the  violent  action  of  volcanoes.  These  fields,  ir* 
rigated  by  art,  belonged  to  the  estate  of  San  Pedro  de  Jo- 
rullo,  or  Xorullo,  one  of  the  largest  and  most  valuable  in  the 
country.  In  the  month  of  June,  I759t  fearful  rumbling  noises 
were  accompanied  with  frequent  shocks  of  an  eartliquake,  which 
succeeded  each  otlier  at  intervals  for  fifty  or  sixty  days,  and  threw 
the  inhabitants  of  the  estate  into  the  greatest  consternation.  From 
the  beginning  of  the  montli  of  September,  every  thhig  seemed  per- 
fectly quiet,  when  in  the  night  of  the  28th  of  that  month  a  terrible 
subterranean  noise  was  heard  anew.  The  frightened  Indians  fled 
to  the  mountains  of  Aguasarco.  A  space  of  three  or  four  square 
Diiles>  known  by  tlie  name  of  M^lpays,  rose  in  the  shape  of  a  bhid* 
der.  The  boundaries  of  this  rbiug  are  still  distinguishable  in  the 
ruptured  strata.  The  Malpays  towards  the  edge  is  only  12  met. 
[13  yards}  above  the  fqrmer  level  of  the  plaui,  called  las  playas  de 
Jonillo  ;  but  the  convexity  of  the  ground  increases  progressively 
towards  the  centre,  till  it  reaches  the  height  of  l60  met  [1^5 
yards.] 

They  who  witnessed  tins  grand  catastrophe  from  the  top  of  Agua- 
sarco assert,  that  they  saw  flames  issue  out  of  the  ground  for  the 
space  of  more  than  half  a  league  square  ;  that  fragments  of  red  hot 
rocks  were  thrown  to  a  prodigious  height ;  and  that  through  a 
thick  cloud  of  ashes,  illummed  by  the  volcanic  fire,  and  resembling 
a  stormy  sea,  the  softened  crust  of  the  earth  was  seen  to  swell  up. 
The  rivers  of  Cuitimba  and  San  Pedro  then  precipitated  themselves 
into  the  burning  crevices.  Tbe  decomposition  of  the  water  contri- 
buted to  reanimate  the  flames,  which  were  perceptible  at  the  city  of 
Fkscuoro,  though  standing  on  a  very  wide  plain  1400  met.  [1530 
yards]  above  the  level  of  the  pla3fas  de  Jorullo.  Eruptions  of  mud, 
particularly  of  the  strata  of  clay  including  decomposed  nodules  of 
basaltes  with  concentric  layers^  seem  to  prove,  that  subterranean 
waters  had  no  small  part  in  this  extraordinary  revolution.  Tliousands 
of  small  cones,  only  two  or  three  yards  high,  which  the  Indians 
call  ovens,  bsued  from  the  rabed  dome  of  the  Malpays.  Though 
the  heat  of  these  volcanic  ovens  has  dimuiished  greatly  within  theso 
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fifteen  years  sccordiug  to  the  testimoKy  of  tbe  InditiBS,  I  found  llic 
tbermometer  rise  to  95"*  [ifoentig.  303*  P.]  ia  the  crcfielea  thtt  cmilffed 
an  aqueous  Taponr.  E^ch  little  cone  is  a  chimiieyt  ffoai  whicb  a 
thick  smoke  rises  to  the  height  of  ten  or  fifteen  met.  [1 1  «h-  16  yards]. 
In  several  a  subterranean  noise  is  heard  Idke  tbi^  of  mmbc  flsil  hofSag 
at  no  great  depth. 

Amid  these  ovens,  m  a  fissare,  the  direclioii  of  wliicb  h  ftofd 
N.  N.  £.  to  S.  S.  £•,  six  large  hummocks  rise  400  or  500  net. 
[440  or  550  yards]  above  the  old  level  of  tfie  pMn.  This  is  the 
phenomenon  of  Monte  Novo  at  Naples  repeated  ae^mral  times  in  a 
row  of  volcanic  hills.  The  loftiest  of  these  huge  hummocks,  which 
reminded  me  of  the  district  of  AHvergiie,  Is  the  laf]ge  volcano  of 
Jomllo.  It  is  constantly  burning,  and  has  thrown  ool  on  the  north 
side  an  immense  quail  I  ity  of  scorified  and  basaltic  lava»  including 
fragments  of  primitive!  rocks.  These  grand  eruptions  of  the  central 
volcano  continued  till  February  1760.  In  the  succeeding  ^eais 
they  became  gradually  less  frequent.  The  liidiatts,  alarmed  by  the 
horrible  noise  of  the  new  volcano,  at  first  deserted  the  villages  f&t 
seven  or  eight  leagues  round  the  plain  of  Jonillo.  Ion  fewttonths 
they  became  faiiiiliar  with  the  alarming  sight,  retomed  to  Iheir  lnits» 
and  went  down  to  the  moutUaios  of  Agoasarco  and  Santa  Ines,  to 
admire  the  sheaves  of  fire  thrown  out  by  an  infinite  number  of  laige 
and  small  volcanic  openinfrs.  The  ashes  then  covered  the  booses  of 
Queretoro,  more  than  48  Jeagues  [120  miles]  in  a  right  line  from  tlie 
place  of  the  explosion.  Though  the  subterranean  fire  appears  to  be 
in  no  great  activity  *  ut  present,  and  the  Malpays  and  the  great  vol« 
cano  begin  to  be  covered  with  vegetables,  we  found  the  air  so 
heated  by  the  little  ovens,  that  in  the  shade,  and  at  a  considembk 
distance  from  the  ground^  the  thermometer  rose  to  43'  009-4''?). 
This  fact  evinces,  that  there  is  no  exaggeration  in  the  report  of  some 
of  the  old  Indians,  who  say,  that  the  plains  of  Jorullo  were  uninha. 
bitable  for  several  years,  and  even  to  a  considerable  distance  fioui  the 
ground  raised  np,  on  account  of  the  excessive  heat. 


•  In  the  bottom  of  the  crater  we  founti  the  heal  of  the  air  47°  [liPfi^F.] 
and  in  some  places  58°  and  00*  [136'l**and  140''].     We  had  to  pass  ovrr  cmcki 
exhaling  sulphurous  vapours,  in  which  the  thermometer  roi>o   lo  Sj"  [1^5  ]» 
From  these  cracks,  and  the  heaps  of  scorice  that  corcr  coDbidcmblc  hulhitrs, 
Che  descent  into  the  crater  is  not  without  danger. 
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*^ear  tbe  cerro  of  Santa  Iiiei  the  traveller  is  atill  aliewo  the  cbamieb 
of  Cuitiraba  and  San  Pedro,  the  limpid  walefB  of  which  formerly  re* 
freshed  the  sugar-canes  on  tiie  estate  of  Don  Andrew  Pimental, 
These  springs  were  lost  iii  the  night  of  tlie  29th  of  September,  I759 : 
but  2000  met.  (near  22C0  yards)  to  the  westward,  in  the  soil  that  has 
been  elevated,  two  rivniets  are  seen  to  break  out  of  the  clayey  dome 
of  tbe  furnaces,  exhibiting  themselves  as  thermal  waters.  In  which 
the  thermometer  rises  to  537<'(126*86oF.)  The  Indians  still  give 
these  the  names  of  Saii  Pedro  and  Cmtimbe,  because  in  several  parts 
•f  the  Malpays  large  bodies  of  water  are  supposed  to  be  heard  run- 
Bing  from  east  to  west,  from  tite  mountams  of  Santa  Ines  to  tlM  es- 
tate of  the  Presentation.  Near  this  estate  is  a  brook  that  emks 
sulphuretted  hydrogen  gas :  it  is  nu»re  than  7  met.  (near  8  yards) 
wide,  and  is  the  most  copious  hidrosulphnrous  spring!  ever  saw. 

In  the  opinion  of  the  natives  these  exlraordhiary  changes  I  have 
described,  the  crust  of  earth  raised  and  cracked  by  volcanic  fire^ 
the  mountains  of  sccrix  and  ashes  heaped  up,  are  the  works  of 
monks ;  the  greatest,  no  donbt^  they  ever  produced  in  either  he« 
misphere.  Our  Indian  host,  at  the  hut  we  inhabited  inthephinof 
Jorullo,  toki  ns,  that  some  missionary  capuchins  preached  at  the 
estate  of  San  Pedro,  and,  not  meeting  a  favourable  reception,  ut« 
tered  the  most  horrit>lc  and  complicated  imprecations  against  this 
plain,  xden  so  beautiful  and  fertile.  Tliey  prophesied,  that  the  es- 
tate should  first  be  swallowed  up  by  flames  issuing  out  of  the  bowels 
of  the  earth  ;  and  that  the  air  should  afterward  be  cooled  to  such 
a  degree,  that  the  neighbouring  moimtains  should  remain  for  ever 
covered  with  ice  and  snow.  The  first  of  these  maledictions  having 
been  so  fatally  verified,  the  common  people  foresee  in  the  gradual 
ooeling  of  the  volcano  the  presage  of  a  perpetual  winter.  I  have 
thought  it  right  to  mention  this  vulgar  tradition,  worttiy  m  place  hi 
the  epic  poem  of  the  ji*suit  Landivar,  because  it  exhibits  a  strikhig 
feature  of  tlie  manners  and  prejudnes  of  these  remote  conntries. 
It  sfaews4lie  active  industry  of  a  chm  of  men,  who,  too  frequently 
abusing  the  credulity  of  the  peo^e,  and  pretendmg  to  possess  the 
power  of  suspending  the  immutable  laws  of  nature,  know  how  to 
avail  themselves  of  every  etent  for  establishing  their  empire  by  the 
fear  of  physical  evil. 

Tbe  situation  of  tbe  new  volcano  of  Jorullo  leads  to  a  very  cu* 
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ifoM  gcologkal  obiervatio&«    It  itf  well  knawn  ta  gqngiaiitoi^ 
thtt  tlwffe  b  inMewapnn  m  line  df  gtat  hc^kte^  lit  m  mu* 
torn  soiie   indoded  between  the  latilndet  of  18* S9^  aad  I jf  It", 
m  whkrb  are  ett  the  annuniU  of  AnehMie  tl»t  rise  nbom  the  ngbe 
of  perpetual  mow.  Theae  sumnita  ere  citter  aolcanoea  eliil  aetairilj 
iMinMDg :  or  nioanteiiia»  the  fonn  of  which^  ea  well  aa  tfae«elnie  of 
their  rocks,  rendera  it  extremely  probeble»  thtt  tli^  fiweilj  con* 
teined  anbterrenean  fire.    Settbg  out  from  the  oomt  of  the  Gnlf  ef 
Meu(xvmnd  proceeding  weatwnrd,  we  find  the  peakofOrifannf  the 
two  volcanoea  of  la  Piiebh^  the  Nefodo  de  Teloci,  the  pedk  of 
TaocilanH  and  the  volcano  of  ColinuL    Theae  grant  beighta^iMlMl 
of  forming  the  ridge  of  the  cordillem  of  Annhnnc^  nad  foUownigilk 
difection,  wyth  ia  from  S. £^  to  N.  W.  are  on  the  eontnry  in  aihe 
perpendicttlar  to  the  aais  of  the  great  chain  of  OMNintnina.   It  h  cer- 
tainly worthy  of  remark,  that  in  the  year  1759  the  new  Toknno  of 
JoniUo  was  formed  m  the  contiunation  of  this  Ene^  and  on  the  ^ntf^ 
parallel  as  the  ancient  Mexican  volcanoes. 

A  view  of  my  plan  of  the  enviions  of  Jorullo  wfll  ahew,  that  the 
aix  large  hummocks  have  risen  out  of  the  earth  on  a  vein  that  cnascs 
the  phiin  from  the  cerro  of  las  Qpevas  to  the  pfchaco  del  lifontcfo. 
Tlie  new  mouths  of  Vesuvius  too  are  found  ranged  along  a  fisauic. 
Do  not  these  analogies  give  us  reason  to  suppose,  that  there  exists  a 
this  part  of  Mexico,  at  a  great  depth  witlim  the  earth,  a  fissure 
stretching  from  east  to  west  tbrougli  a  space  of  137  leagues  [343 
niiles]^  and  through  wbicb  the  volcanic  fire  has  made  its  way  at  dif- 
ferent times,  bursting  the  outer  crust  of  poipliyritic  rocks,  from  the 
coast  of  the  Gulf  of  Mexico  to  the  South  Sea  t  Is  this  fissure  pro- 
longed  to  that  little  group  of  islands,  called  by  CoJiuel  the  Archi- 
pelago of  Regigedo,  and  round  which,  in  the  same  paiaM  with  the 
Mexican  volcanoes,  pumice-stone  has  been  seen  floatmgl  NaturalisU 
who  dbtinguish  the  facts  ofiered  by  descriptive  mmeralogy  from 
theoretical  reveries  concerning  the  primitive  state  of  our  planet,  will 
pardon  me  for  having  consigned  these  observationa  to  the  general 
niap  of  New  Spain,  contained  m  the  Mexickn  Atlaa. 

IHumMA,  as  t^ove.] 
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SECTION  II. 

Volcanoes  of  New  Grenada, 

.  These  are  chiefly  to  be  met  with  on  the  summits  of  the  enormous 
mountains  in  the  vicero^alty  of  New  Grenada,  and  in  the  neigli- 
hourbood  of  the  city  of  Quito.  I'liene  mountains  constitute  some 
of  the  grandest  objects  in  uatural  geography,  being  many  of  them 
the  loAiest  on  the  fiice  of  tlie  globe,  while  their  volcanoes  are  of  a 
niost  sublime  and  horrible  eharacter.  '  The  most  celebrated  of  these 
elevated  excavations  are,  Chiniborezo,  Cotopoxi,  Saugai,  Pichineha, 
and  Antisanasi  most  of  them,  however,  have  ex|)cnded  theniseives, 
except  Sangai  and  Cotopoxt. 

Chimborazo,  the  loAie st  of  the  whole,  aboui  a  hundred  Enslisfa 
miles  to  the  south  of  Quito,  and  about  ten  to  the  north  of  Riobamba, 
IS  computed  by  Bouguer  to  be  8217  French  toises,  or  20,280  feet 
above  the  level  of  the  sea;  and  consequently  to  be  about  5,0OD  feet, 
or  one  quarter  higher  than  Mount  Blanc :  its  region  of  fierpetual 
•now  extends  to  about  2,400  feet  from  the  summit. 

The  next  loftiest  mountain  U  Cotopaxi,  estimated  at  about  16,500 
feet,  and  situated  at  about  twenty-five  miles  to  the  southeast  of 
Quito.  Pichincha,  lies  still  nearer  to  the  capital,  but  in  a  soutli^ 
westerly  direction ;  and  Altar  and  6  ingai  to  the  south-east. 

This  la%t  is  a  paramo  %  or  vast  desert,  the  summit  always  covered 
with  snow.  It  is  a  perpetual  volcano,  whose  fire  is  continually  seen, 
and  whose  explosions  are  heard  at  a  distance  of  forty  leagues.  Tlie 
adjacent  country  is  entirely  barren,  in  consequence  of  being  covered 
with  the  cinders  ejected  from  its  mouth.  In  this  mountain  rises  the 
river  Scagai,  which  being  joined  by  the  Upano,  forms  the  Payra,  a 
large  river,  which  discharges  itself  into  the  river  Maranon,  or  river 
of  Amazons. 

Cotopoxi  is  suppo^d  to  have  become  a  volcano  about  tlie  time 
when  the  Spaniards  fijrst  invaded  the  countr}* ;  and  Uiloa  asserts 
that  it  ejected  stones  of  eight  or  nhie  feet  in  diameter,  to  a  distance 
of  more  thau  nine  miles.  A  new  eruption  occurred  in  1^43,  which 
had  been  for  some  days  preceded  by  a  continual  interior  rumblin<; 


•  A  Spaoish   term  contracted  from  par  tremoy  eremitical,  hernf deal, 
kermit-like,  wUiary^^EditQr. 
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aoise;  ifterwUchiD  apertoie  wasnmdein  ttssainiBit^atskot^ 
othen  near  the  middle  of  iti  dedivif y ;  which  puU,  when  Ibe 
eniptioo  commenced^  were  buried  imder  prodigHHis  wnwcg  of  now. 
The  ignited  substances  which  were  ejected,  befag  niiDgletl  with  « 
eoMidenble  quantilj  of  sdow  and  ic^  nMitbg  aniidit  tfao  iavei^ 
weio  carried  down  with  such  aaweiog  fa|Ndhy,  that  the 
Callo  to  iMmemngk  was  overflowed,  alid  all  tho  hooM^  with 
wretched  inhabitants,  were  8we|il  awaj  in  one  piral  and  ■sJanla 
neooi  destruction.    The  river  of  Ijitacnngn  wan  Ae  teeeplack  of 
this  dreadful  flood,  tUl  becommg  twoUen  nbowa  ilt  hakks^  tta 
toneot  rotted  over  the  adjacent  countij,  coothuung  to  awoep  ane^ 
bonnes  and  cattle,  and  rendered  the  laml  near  the  town  of  the  saae 
name  as  the  rirer,  one  vast  lake.    Here,  however,  the  .inhahihwti 
had  snflbdent  warning  to  save  their  lives  by  fl^ht,  end  relnalcd  to  a 
more  elevated  spot  at  some  distance.    Diiriog  three  days  the  vol* 
cano  Reeled  cinders,  while  torrents  of  lavi^  with  mebed  ke  and 
nMm,  poered  down  the  sides  of  the  nountaia.    The  eruption  cosh 
tinned  for  several  days  longer,  accompanied  with  terrible  roariiy 
of  the  wind,  ruslimg  throiigh  the  crateis  which  hod  been  opeaed. 
At  length  all  was  quiet,  and  neither  smoke  nor  fiie  was  lo  be  seen ; 
until,  in  Aiay,  1744,  the  flames  forced  a  passage  through  sereni  otiier 
parts  ou  the  udes  of  the  mountain ;  so  that  in  cbrar  nighty  tfae 
flames,  being  reflected  by  the  transparent  ioe^  eihibited  n  veiygnad 
and  beautiful  itlunimation.  On  November  13th  following,  it  emitted 
such  prodigious  quantities  of  fire  and  lava  that  an  inundation  equal 
to  tlie  former  soon  ensued  j  and  the  inliabitantsof  the  town  of  Lata- 
cunga,  for  some  time,  thought  their  ruin  irremediable.     The  roar- 
ings of  the  volcano  are  said  by  Humboldt  to  have  keen  heaitl  at  mpo 
hundred  oMd  iwenty  leagues  distance. 

Nothing,  however,  can  equal  the  fertility,  pure,  etherial  atmo- 
sphere, and  picturesque  beauty  of  the  sides  of  the  mountain,  irhidi 
have  generally  been  described  as  a  terrestrial  paradise ;  in  coase* 
quence  of  which  alone  the  inhabitants  still  adhere  to  this  stupendous 
region,  and  dare  tlie  dangers  of  its  eruptions  and  earthquakes. 

The  most  horrible  visitation  of  this  double  kind  to  which  they 
have  been  exposed,  occurred  on  Februaiy  4,  1797,  abont  eight 
o*clock  in  the  morning.    At  Quito  little  damage  was  sustained    hot 
the  subterranean  thuiuier,  and  the  shocks  repeated,  every  six  hours 
occasioned  indescribable  horror  and  dismay*  On  the  day  ensmng. 
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^  was  known,  towards  the  ci;cning»  that  Latacuaga,  and  all  tho 
hamlets  in  its  corregiaaiento^  were  utterly  destroyed,  not  one  stone 
remaining  upon  another.  Multitudes  of  persons  perished,  aud  tlie 
stench  of  the  dead  bodies  infiscted  the  aurvivors.  Varions  mountains 
split  near  Amhulo,  and  by  their  sudden  lall  produced  stiii  greater 
destruction  among  the  human  race.  Quero,  with  all  its  people, 
was  buric<i  iu  an  instant  kya  eiiff  which  fell  on  the  town.  Pelile«> 
was  ovenvhUmed  by  a  stream  of  water  and  nuid  ;  the  circumjacent 
lands  were  ail  transposed ;  and  a  deadly  silence  betrayed  the  general 
luin.  The  elegant  tuwu  of  Riobaraba  became  a  heap  of  wreck  and 
desolation,  aud  siiortly  atUrwards  totally  disappeared :  for  the  peak 
of  Sioaipa  falliug  on  tiie  town,  and  damming  up  the  two  rivers  that 
pass  by  it,  formed  a  lake,  so  that  even  the  ruins  of  the  town  were 
not  visible.  Of  nine  thousand  inhabitants,  only  about  four  hundred 
escaped.  Alatisi  and  Guaranda  also  suffered  extremely.  The  fate 
of  Cuenca,  Leja,  Jaen,  and  Guayaquil,  was  at  that  time  unknown ; 
but  the  shocks  do  not  appear  to  have  extended  so  far.  The  adjoin* 
ing  volcano  Tuugarunga  seems  to  have  united  in  the  fury  ;  as  ex- 
tensive subterrauean  thunders  proceeded  from  this  last  quarter,  and 
the  most  fearful  mischief  was  m  its  vicmity.  Towards  the  north  the 
earthquake  was  faintly  perceived  at  Pasta 

We  cannot  give  a  lietter  account  of  wliat  may  lie  called  the  present 
stale  of  the  countr}*  than  in  the  following  words  of  M.  Humboldt, 
who  has  vbited  it  since  the  above  devaatation. 

We  arrived  at  Quito,  by  crossing  the  snows  of  Qairidien  and  To« 
lima,  for  as  the  cordillera  of  the  Andes  forms  three  separate  branches, 
aud  at  Santa  Fe  de  Bogoto,  we  were  on  the  easternmost,  it  was 
necessary  for  us  to  pass  the  loftiest,  in  order  to  reach  the  coast  of 
the  Pacitie  ocean.  We  travelled  en  foot,  and  spent  seventeen  daya 
in  these  deserts,  in  whieh  are  to  be  found  no  traces  of  their  ever 
having  been  inhabited.  We  slept  in  huts  made  of  the  leaves  of  the 
lielicoiiia,  which  we  carried  with  os  for  the  purpose.  Descending 
the  Andes  to  the  west,  there  are  sMrsbes,  in  which  you  sink  up  to 
the  knees.  The  latter  part  of  the  time  we  were  deluged  with  rain ; 
(mt  boots  rotted  on  our  legs ;  and  we  arrived  barefoot  at  Carthago, 
but  enriched  with  a  fine  coUeetion  of  new  plants,  of  which  I  have  a 
gveat  nomber  of  drawmgs. 

From  Carthago  we  went  trr  Popayan,  by  way  of  Buga,  crossint; 
the  beantiful  valf  of  the  river   Cauea,  and  havbg  constantly 
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«|  one  side  the  Moontnn  of  Cboa^  ka-nAMk  mn  the 
Plutina.  .    *  *»  ' 

We  staid  during  the  vionth  of  Nofombtr  1801^  at 
▼biting  the  Basallic  mountains  of  Jnlnwdte  g  the  OMMrtlM^the  vel- 
cano  of  Purace*  which  erolve,  witlk.ndreedfcl  wohe^  wwptmn  of 
hjfdrosulphurated  water ;  and  the  porpbjritie  fiMita»  of  IfKhib 
which  form  columns  of  five,  six»  or  sorepi  sidob  wkmOm  to  Ikoee  I 
ifmeniber  I  saw  in  the  Bnganeau  mountains  i»  Itnlj*  whieli  Stn^ga 
hasdoKribed. 

In  traveUmg  ftom  Popajan  to  .Qoito^  we  had  tocnsstbe  panMMt 
of  Pasto,  and  this  in  the  rainy  season.  Every  plaee  in  the  AndtSb 
where,  at  tlie  height  of  85P0  or  4000  yards,  vegetatioB  ceases^  and 
the  cold  penetrates  to  the  very  manow  of  your  bones,  ia  called  a 
parmmo.  To  UToid  the  heats  of  the  valky  of  Patia,  wherei  in  a 
single  night,  a  fever  may  he  caught,  thai  will  last  three  or  Ibor 
months,  we  passed  the  summit  of  the  Cordillera,  tmversmg  foghtfnl 
precipioes* 

We  spent  our  Christmas  at  Pasto,  a  little  town  at  the  loot  of  a 
tremendous  volcano^  where  we  were  entertained  with  great  hofpita- 
lily.  The  roads  leadmg  to  and  from  it  are  the  most  shocking  m  the 
world.  Thick  forests,  between  marshes,  m  which  the  males  shdi  op 
to  their  bcUks;  andgnllies  so  deepand  narrow,  that  we  seemed eo- 
teriug  the  galleries  of  a  mine. 

The  whole  province  of  Pftsto^  including  the  envurons  of  Ouachncal 
and  Tuqueres,  is  a  frosen  plain,  nearly  beyond  the  point  where 
vegetation  can  subsist,  and  surrounded  by  volcanoes  and  sulphur- 
pits,  continually  emitting  volumes  of  smoke.  The  wretched  mha* 
bitaols  of  these  deserts  have  no  food  but  potatoes :  and  if  these  6ukg 
as  they  did  last  year,  they  go  to  the  mountains  to  cat  the  stem  of  a 
little  tree  called  achupalia  {paurreiia  pUcofnia)  ;  but  the  bears  of 
the  Audes^  as  they  too  feed  on  it,  often  dispute  it  with  them.  .On 
the  north  of  the  volcano  of  Pftsto,  I  discoviered  in  the  little  Indian 
village  of  Vois^co,  igoo  yards  above  the  level  of  the  sea»  a  red 
porphyry,  with  base  of  aigii,  enclosing  vitreous  feldspar,  and  horn* 
blende,  that  has  all  the  properties*  of  the  serpentine  of  the  iidkie^e- 
Hrge,  This  porphyry  has  very  distinctly  miirked  poles,  bnl  no 
attractive  power.  Near  the  town  of  Ibarra,  we  nearly  escaped 
bemg  drowned  by  a  very  sudden  swell  of  the  water,  accompanied 
with  shocks  of  an  earthquake. 
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We  reached  Quito  on  the  6th  of  January  1802.  It  is  a  handsome 
city ;  but  the  sky  is  commonly  clouded  and  gloomy.  The  neigh- 
bouring mountains  exhibit  little  verdure,  and  the  cold  b  very  consi- 
derable. The  great  earthquake  on  the  4th  of  February  1797,  vvhich 
changed  the  face  of  the  whole  province,  and  in  one  instant  destroyed 
thirty-five  or  forty  thousand  persons,  has  so  altered  the  teippera- 
ture  of  the  air,  that  the  thermometer  u  now  commonly  41^  to  54^, 
and  seldom  rises  to  68*  or  7^>  whereat  Bouguer  observed  it  con* 
stantly  at  66*  or  68^*  Since  this  catastrophe,  earthquakes  are 
continually  recurring ;  and  such  shocks !  it  is  probable,  that  all  the 
higher  groimd  is  one  vast  volcano.  What  are  called  the  mountains 
of  Cotopoxi  and  Pichiucha,  are  but  little  summits,  the  craters  of 
which,  form  different  conduits  terminating  in  the  same  cavity.  The 
earthquake  of  1 797f  afibrded  a  melancholy  proof  of  thb ;  for  the 
ground  then  opened  every  where,  and  vomited  forth  sulphur^  water, 
&c.  Notwithstanding  the  dangers  and  horrors  that  surround  them, 
the  people  of  Quito  are  gay,  lively,  and  sociable;  and  in  noplace  did 
I  ever  see  a  more  decided  and  general  ta^te  for  pleasure,  luxury, 
and  amusement.  Thus  man  accustoms  himself  to  sleep  tranquilly 
on  the  brink  of  a  precipice. 

I  was  twice  at  the  mouth  of  the  crater  of  Pichincha,  the  moun« 
tain  that  overlooks  the  city  of  Quito.  1  know  of  no  one  but 
Condamine,  that  ever  reached  it  l>efore ;  and  he  was  without 
mstruments,  and  could  not  stay  above  a  quarter  of  an  hour,  on 
account  of  the  extreme  cold .  I  was  more  successful.  From  the 
edge  of  the  crater  rise  three  peaks,  which  are  free  from  snow,  as  it 
is  continually  melted  by  the  ascending  vapour.  At  the  summit  of 
one  of  these  I  found  a  rock,  that  projected  over  the  precipice,  arid 
hence  I  made  my  observations.  This  rock  was  about  twelve  feet 
long,  by  six  broad,  and  strongly  agitated  by  the  frequent  shocks,  of 
which  we  counted  eighteen  in  less  than  half  an  hour.  We  lay  on 
our  bellies,  the  better  to  examine  the  bottom  of  the  crater.  The 
nonth  of  the  volcano  forms  a  circular  hole,  near  a  league  in  cir- 
coraference,  the  perpendicular  edges  of  which  are  covered  with  snow 
on  the  top.  The  inside  b  of  a  deep  black ;  but  the  abyss  b  so  vast, 
tiiac  the  mmnits  of  several  mountaini  may  be  distiuguisiied  in  it« 
Their  tops  seemed  to  be  six  hundred  yards  below  us,  judge  then 
where  their  baiet  roust  be.  I  have  no  doubt  that  tlie  bottom  of  the 
erater  n  on  a  level  with  the  city  of  Quito.    Condamine  fonnd  it 
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«&tioct,  Md  «T€B  c^fCRd  «itb  mow  ;  bvt  we  lipft  to  icport  At 
wipleaMiot  iiewi»  tb&l  k  w&9  burning.  Oo  «qr  ae^qod  visflU  Mm 
bcttter  iurukbcd  with  iiutruinents.  I  tomid  the  <iiMliel«r  of  tht 
crtter  to  he  l600  yards^  wheieu  that  of  Vci^nqfi  m  but  070^  1W 
height  of  the  mountain  U  5%s6  yards. 

When  we  Tisited  the  volcano  of  AntiMfMi,  the  wcfrther  wae  lo  fr» 
vourable,  ibal  we  reached  the  height  of  SQlf  yifda.  lo  Ihii  lofl^ 
r^ion^  the  barometer  sunk  to  14  uiehes  7  Uiaev[IA.ff  CoiJ  «4 
the  tenuity  of  tlie  air  occasiooed  the  blood  t^  ipsne  ^owi  our  Jv% 
gums,  and  even  eyes:  we  felt  extremely  ftjeUc^  and  owe  of  mm 
company  fiuoCed  away.  The  air  brought  fiow  the  loAiesl  pc^nt  we 
visited»  gave  on  being  analysed  asi8  of  osigen  gaiii^  and  Ol008  of 
carbonic  acid. 

We  visited  Cotopoxi*  bnt  could  not  reach  the  rao!»th  of  the  ccaler* 
The  assertion,  that  this  mountain  was  diminished  in  he^ht  bj  the 
earthquake  of  I797#  is  a  mistake. 

In  June  we  proceeded  to  measure  .Cfaimboraco  and  Tungnragnat 
and  take  a  plan  of  all  the  country  affected  by  the  grand  catastrophe 
of  I7S|7«  We  approached  withiu  about  500  yards  of  the  summit  of 
Chimboraco,  our  ascent  being  facilitated  by  a  line  of  volcanic  rocks 
uncovered  with  snow.  The  lieight  we  reached  was  6465  yards ;  and  we 
were  prevented  from  ascending  &rther  by  a  chasm  too  deep  to  croo. 
We  felt  the  same  inconveniences  as  on  Antisanat  and  were  unwell 
for  two  or  three  days  aAcr.  The  air  at  thb  height  contained  0.20 
of  oxygen.  The  trigonometrical  measurement  I  took  of  the  moun- 
tain at  two  dilivrent  times«  and  I  can  place  some  confidence  in  my 
operations,  gave  me  for  iu  height  697O  yards^  a  hundred  more  than 
Coudamine  assigns  it  The  whole  ol*  this  huge  mass,  as  oTaiJ  llie 
h^h  mountains  of  tlie  Andes,  is  not  granite,  but  poiphyry, 
from  the  foot  to  the  summit,  and  there  the  porph vy  is  4050  yards 
thick. 

Chiniboraco  is  probably  a  volcanic  mountain,  for  the  track  by 
which  we  ascended,  consists  of  a  bmrnt  and  scorified  isock  miaed 
with  pumice-stone,  resembling  all  the  streams  of  lava  in  this 
country,  and  ran  higher  up  tlie  mountain  than  we  could  climb. 
The  summit  therefore  is  hi  all  likelihood  the  crater  c£  no  extinct 
volcano. 

Tke  mountain  of  Tunguragua  has  dimuiishad  m  heieht  since  the 
earthquake  of  1797*    Bouguer  asaigQs  it  5&89  yards,  I  fouiid  it  hat 
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539%  to  that  it  must  have  lost  190  yink;  and  linked  the  people 
in  the  viduity  saj,  that  they  have  seea  its  summit  erumhle  away 
before  their  eyes. 

During  our  stay  at  Riobancha,  we  acddentally  made  a  very 
curious  discovery.  The  state  of  the  province  of  Quito,  previous  to 
its  conquest  by  the  Inca  Tupaynpaogo  iu  I470>  is  wholly  unknown  t 
but  the  king  of  the  lodians,  Lrandro  Zapla,  who  resides  at  Ucao^ 
and  has  a  miud  extraordinarily  cultivated  for  an  Indian,  poesesass 
manuscripts  composed  by  one  of  his  ancestors,  in  the  siateeath 
century,  which  contains  the  history  of  that  period.  They  are 
written  in  the  Paraguay  tongue,  which  was  formerly  general  in 
Quito,  but  is  now  lost,  having  been  supplanted  by  the  Inca. 
Fortunately  another  of  Znpla's  ancestors  amused  himself  by 
translating  these  memoirs  into  Spanish.  We  have  obtained 
from  them  valuable  information^  particularly  in  the  memorable 
period  of  the  eruption  of  Nevado  del  Atlas,  which  must  have  been 
the  highest  mountain  in  the  world,  loAier  than  ChimboracOi  and 
called  by  the  Indians  Capa^urca,  orchief  of  mountains. 

{Bmigutt.  EslMila.  Humboldt.] 

SECTION  III. 

Volcanic  Phanamena  in  the  West  Indies. 

Altbocoh  active  volcanoes  are  by  no  means  common  to  the 
islands  dislinguislied  by  the  name  of  the  West  Indies,  thoe  are  few 
of  them  that  do  not  betray  some  traces  either  of  a  volcanic  origin  or 
of  volcanic  effects.  The  Caribees  are  particniarly  characterised 
by  such  features,  and  especially  Martinique,  Quadaloupe^  and  St. 
Lucia.  The  mountain-soil  of  the  first  of  these  consists,  to  a  vciy 
eonsiderable  eateiit,  of  pumice,  either  in  lumps  or  powder,  occa- 
sionally intermixed  with  a  ferruginous  sand,  which  is  not  mifie* 
queutly  a  volcanic  production. 

On  the  island  of  St.  Lucie,  or  Si.  Lucia,  are  some  bigfa  and  craggy 
mountains,  which  bear  evident  maiks  of  volcanoes;  in  one  deep 
▼alley  tliere  are  several  ponds,  the  water  of  which  boils  up  in  a  very 
powerful  mauner,  and  the  streams  that  issne  fiNm  it  letain  their 
beat  at  the  distance  of  three  miles  from  their  senrce. 

The  mountains  of  Guadeloupe  are,  according  to  De  Borda,  not 
less  lofky  than  those  of  Martioiqne,  aad  the  Sooftiefe  or  Snipirar 
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MovntaiD,  ejected  both  smoke  ind  fltnee'doiiag  the  tine  of  Is 
vUt  to  the  isteiid.    This  very  singiihr  mowitain  b  the  Mfbest  of 
the  whole;  iU  saminit  is  perfectly  here,  nothiug^rowMg  upoa  it 
iHit  ftms  mosses,  and  m  fern  other  crfptogaaric  pNmts:  hot  it 
iSbrds  m  fioe  riew  of  the  neighbouring  ishnds  of  DonuBiciy  Marie* 
galante»  Martinico,  Mootserrat.  Nevis,  and  various  otiien.    Djpoa 
tile  highest  part  is  a  nigged  platform,  covered  with  burnt  sfoiies  of 
ail  sites;  and  from  several  dcOs  and  chioin  issue  soMAe.    On  the 
east  side  are  two  mouths^  which  open  into  a  pit  of  sidplnirt  one  of 
which  is  an  oval  hole  of  about  an  hundred  ftet  in  its  greateil  dia* 
meter,  ont  of  which  also  frequently  arise  thick  clouds  of  black  snokc^ 
accompanied  with  sparks  of  fire.    The  negroes  wfao  sell  brimstone 
fetch  it  from  thb  mountain.    Alnnit  two  hundred  |)acet  lielow  the 
lowest  of  tfiese  months  ore  three  poids  of  very  ImiI  water,  fiwr  or 
'five  paces  from  each  other :  the  water  of  the  larfest  it  ttiy  dari[ 
coloured,  and  smells  like  that  of  a  smith's  forge ;  the  second  is 
wintisby  and  his  the  taste  of  alum ;  tlie  third  is  blue,  and  Ins  a  ri- 
triolic  taste.    Here  are  also  several  springs^  which,  uniting  llicir 
streamy  form  various  torrents.    Tlie  middle  and  bottom  of  this 
burning  moimtairf  are  extremely  different  from  the  top  of  it,  beiag 
covered  with  tall  trees  and  herbage,  watered  by  a  numlier  of  rivu- 
lets, and  cultivated  with  the  utmost  care  and  uidostry. 

Almost  every  island  in  the  western  Archipelago,  particulariy  those 
which  have  the  highest  laud,  has,  in  like  manner,  its  Sufphtr^UUt 
or  Sotiffiiert,  as  it  is  denominated  by  the  French.  In  some  of  these 
the  volcano  has  become  extinct,  and  is  no  longer  to  be  traced ;  but 
in  others,  as  Gnadaloupe,  St.  Luda,  and  St  Vincent,  tliere  are  de- 
cided and  well-characterised  craters,  which  are  occasionally  active, 
and  throw  out  ashes,  scorise,  and  lava  with  the  flame. 

The  most  singular  of  these  Souffri^res  occurs  in  the  bland  of 
Montserrat,  and  is  thus  ably  described  by  Dr.  Nugent.  *'  The 
island  of  Montserrat,  so  called  by  the  Spaniards  from  a  fancied  re- 
semblance to  the  celebrated  mountain  of  Catalonia,  is  every  where 
extremely  nigged  and  mountainous,  and  the  only  roads,  except  m 
one  direction,  are  narrow  bridle-paths  winding  through  the  recesses 
of  the  mountains ;  there  is  hardly  a  possibility  of  iising  wheeled  car- 
riages, and  the  produce  of  the  estates  is  brought  to  the  place  of 
shipment  on  the  backs  of  mules.  Accompanied  by  a  friend,  I  ac- 
cordmgly  set  out  on  horseback  from  the  town  of  Plymooth,  which 
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is  situated  tit  the  foot  of  tlie  niouDtaios  od  the  sea  sliore.    We  pro- 
ceeded by  a  circuitous  and  steep  route  about  six  ihil«*8,  gradually 
ascending  the  mountain,  which  consisted  entirely  of  an  unifomi  por- 
phyritic  rock,  broken  every  where  into  fragments  and  large  blocks* 
and  which  in  many  places  was  so  denuded  of  soil  as  to  render  it  a 
matter  of  astonishment  how  vegetation,  and  particularly  that  of  the 
cane,  should  thrive  so  well.     The  far  greater  part  of  the  whole 
island  is  made  up  of  this  porphyry,  which  by  some  systematics  would 
be  considered  as  referable  to  the  newest  floetz  trap  formation^  aud 
by  others  would  be  regarded  only  as  a  variety  of  lava.    It  is  a  com- 
pact and  highly-indurated  argillaceous  rock  of  a  grey  colour*  replete 
with  large  and  perfect  crystals  of  wliite  felspar  and  black  horn- 
blende*    Rocks  of  this  description  generally  pass  in  the  West 
Indies  by  the  vague  deuomination  of  fire-stone,  from  the  useful 
property  they  possess  of  resistiug  the  operation  of  intense  heat.  A 
considerable  quantity  of  this  stone  is  accorduigly  exported  from 
Montserrat  to  the  other  islands  which  do  not  contain  it»  being  essen- 
tial in  forming  the  masonry  around  the  copper  boilers  in  sugar- 
works.   We  continued  our  ride  a  considerable  distance  beyond  tlie 
estate  called  Galloway's  (where  we  procured  a  guide)  till  we  came 
to  the  side  of  a  very  deep  xavine  which  extends  in  a  winding  direc* 
tion  the  whole  way  from  one  of  the  higher  mountains  to  the  sea.    A 
rugged  horse^path  was  traced  aloug  the  brink  of  the  ravine,  which 
we  followed  amidst  the  most  beautiful  aud  romantic  scenery.    At 
the  head  of  this  ravine  is  a  small  amphitheatre  formed  by  lofty  sur- 
rounding mountains,  and  here  is  situated  what  b  termed  **  The 
Sulphur.**    Though  the  scene  was  extremely  gnmd  and  well  worthy 
of  observation,  yet  I  confess  I  could  not  help  feeling  a  good  deal 
disappointed,  as  there  was  nothing  like  a  crater  to  be  seen,  or  any 
thing  else  that  could  lead  me  to  suppose  the  place  had  any  connexion 
with  a  volcano.     On  the  north,  east,  and  west  sides  were  lofty 
mountains  wooded  to  the  tops,  composed  apparently  of  the  same 
kind  of  porphyry  we  had  noticed  all  along  the  way.    On  the  south, 
the  same  kind  of  rock  of  no  great  height,  quite  bare  of  vegetatioo, 
and  in  a  very  peculiar  state  of  decomposition.    And  on  the  south- 
eastern side,  our  path,  and  the  outlet  into  the  ravine.   The  whole 
area  thus  included,  might  be  three  or  four  hundred  yards  in  length, 
and  half  that  dista&ce  in  breadth.    The  surface  of  the  ground,  not 
occupied  by  the  ravine,  was  broken  and  strewed  with  fragments  and 
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dMD»pti(d«  to  km  MMe  w 
Vbr  «MicliMe I liMMgiK 

jMfiMllj  wklto,  Slid  ii 

^vyilBls»  wu  t  peoulki 

iMItiiM  BMrdy  the  porpiqrritic  mdt  iiiigalirtjf  rffcWd^  fly 

Mm  Mlita  of  Ifae  air  or  %mit4Mr»  but^  ■•  f  OMyoeMn,  'bgr  A  iliMg 

griptMUoooi  or  iolplnitk  oeid  TUpotr  ««Wch  is  gtMioMl  ifeM;  Mi 

«|iidi kpffoWbly  M^en men agMiifll oae MthftSm wtifumiw^ 

*0 imtine,  the bioeoe  tioai  any  other  ifmfm  bA%*mkmkhf 

AnMit  ite  loota  «laoC8  aad  fragOMrti  of  ^aoonpoied  tock  Ofo 
anrf  fasaraiawi  arrriect»  wfataca  naty  .H^u4  irtplwwfoi  taluJi 
fiMMaHse^aad  whicti  are  digaied  loyfaaildiii iWa  diMae«*|  tbc« 
aiheiatkNMare  iO|Kmertbl  av  tO'idi(«da  Mtf^^ 
tlM^fisiMTai  are  qaife  iotolenMe  and  toffoeititig.  Tliebattooiaf 
a^  €oal»  aad  «aaK  aii?er  ami  k«y«  in  my  paritata^  iMo  i1laMt» 
■eoify  diaselottred.  An  int^one  degree  of  beaft  ii  «t  tte  aanM  taao 
•fOlfad,  wtiidi,  oddvd  to  the  apprehetoioa  of  tlia  givand  etiuaWagf 
aad  gMhg  wey»  veaderft  ft  diflicalt  and  paurfal  to  walk  «aar  any  af 
tketa  fluaras.  The  aratar-of  a  i^vaAet  wkick  flma  dovm  tka  wdei 
of  the  moaataia  and  paaiei  over  thb  place,  k  made  to  Ml  wHb  tla« 
Itftca,  and  keeomes  loaded  wHk  talpkureows  impregmitioiis*    Other 


*  Tbitpeculiar  ckcoiaposUionof  (heturrouodinf  rock  has  been  frrfoeotly 
otMcrved  in  siniilAr  situations,  and  under  analogous  drcnm^tances,  and  kas  I 
And  been  accounted  for  by  other  pefMns  in  (ho  same  wny:  fhus  DoJomfea 
gays,  *'  La  coalctir  Manche  det  pterres  de  rinterieur  de  toaa  let  rraterf  in- 
aoamii  etTdae  i  une  veritable  alteration  de  la  Utc  prodalia  par  let  vayean 
acido^ulfareuiei  qot  les  peaetrent*  ct  qui  se  combioent  avec  VargUe  i^iii  Icur 
fertde  base,  y  fonnaot  Taluo  que  Ton  retire  des  matl^ret  Tolcaniques/*  Vpif, 
akx  ttlu  it  Liparif  p.  18. 

And  he  aftersfards  addt«  **  Cette  alteraiion  dcs  laves  pat  Ics  Tapeon  acidn. 
■olfVimMeA,  ett  tine  np^  d 'analyse  que  la  nalai^  fbit  «ne  tafime  det  natiiref 
'irokaiaiqars.  Uya^et  laves  mr  lesquelles  les  Tapeuret  n*oni  pm^mtsoretm 
aaiti  de  tctas  d*agir  pour  les  d^naturer  entiiremeot,  et  alorsoo  Ics  voitdaaft 
diiifirens  elats  de  decompasitioo  que  Ton  reconnoit  par  le  coulear.** 

Alam  Is  doubtless  formed  at  this  place,  as  well  as  elsewhere,  under  »iniilar 
cHtemstantn :  the  potaih  lietesfary  for  the  composition  of  th's  salt,  being, 

ift  wal  M  (ha  m%i\y  4Mlf  ra  ftofei  tbt  mrromidli^  vAk. 
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brandies  of  the  same  rivalet  which  do  not  psM  imtnedoitely  net? 
these  fissares»  lemain  cool  itHl  Hmpid ;  tod  thus  yon  may  with  one 
hand  touch  one  rill  tiiat  b  at  the  boiling;  poiut>  and  with  the  other 
hand  touch  another  rill  which  is  of  the  osaal  temperatnre  of  water 
in  that  climate.  The  exhahitions  of  anlphur  4o  not  at  all  timet 
proceed  from  tlie  tame  tissares,  but  new  ones  appear  to  be  daily 
formed,  others  becomiug,  as  it  weie,  extinct.  On  the  mai)sios  of 
these  fissoreSf  and  indeed  almost  over  tlie  whole  place,  are  to  ba 
aeeu  most  beautiful  crystallisations  of  sulpliur»  in  many  spots  qnife 
as  fine  and  perfect  as  those  from  Vesuvius,  or  indeed  as  any  other 
specimens  I  have  ever  met  with.  The  whole  mass  of  decomposed 
rod[  m  the  vicinity  is,  in  like  manner,  quite  penetrated  by  sniphur. 
The  specimens  which  I  collected  of  the  crystallized  sulphur,  as  weU 
as  of  the  decomposed  and  undecomposed  porphyry,  were  left 
inadvertently  on  board  the  packet  at  Falmouth,  which  prevents  my 
having  the  pleasure  of  exhibiting  them  to  the  Society.  I  did  not 
perceive  at  this  place  any  trace  of  pyrites,  or  any  otlier  metallic  sub- 
stance, except  indeed  two  or  three  small  fragments  of  clay  iron- 
stone at  a  litihe  distance,  but  did  not  discover  even  this  substance 
any  whrre  In  siiu.  It  is  very  probable  tint  the  bed  of  the  glen  or 
ravine  might  throw  some  light  on  the  internal  structure  of  the  place; 
bttt  it  was  too  deep,  and  its  banks  infinitely  too  precipitous,  for 
me  to  venture  down  to  it.  I  understood  that  there  was  u  similar 
exhalation  and  deposition  of  sulphur  on  the  side  of  a  mountain  not 
■lore  than  a  mile  distant  in  a  straight  line ;  and  a  subterranean 
communication  is  supposed  to  exist  between  the  two  places. 

[De  Bordoj  Journal  dm  Minm^  G€o!9gieaI  Trmnsuci.  Vol.  I.] 


CHAP.  XVI. 


ISLANDS   SUDDtHLY    THROWN    UP    PAOM  TBB    SKA. 


JDB81DBS  the  convulsions  of  nature  displayecl  in  volcanoes^  other 
operations  are  carrfed  on  below  the  fathomless  depths  of  Ihe  sea, 
the  nature  uf  which  can  only  be  coiijectured  of  by  the  effects  pro- 
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must  look  for  the  grandest  and  most  surprising  instances  of  this  phe- 
nomenon. Let  us  take  an  example  or  two  from  each  of  these  groupes 
of  islands. 

The  island  of  Acroteri,  of  no  mean  fame  in  aticieut  history,  ap- 
pears  to  have  its  surface  composed  of  pamice-stone,  encrusted  with 
a  surface  of  fertile  earthy  and  the  ancients  represent  it  as  risings  in 
a  violent  earthquake,  out  of  the  sea.  Four  neighbouring  islands 
have  had  a  similar  origin,  and  yet  tiie  sea  is  here  of  such  a  depth  as 
to  be  unfathomable  by  any  sounding-line.  These  arose  at  different 
times ;  the  first  long  before  the  commencement  of  the  christian  sera, 
the  second  in  the  first  century,  the  third  in  the  eighth,  and  the  fourth 
in  1573. 

The  following  history,  appertaming  to  the  same  cluster,  is  of  still 
later  date ;  and  its  peculiarities  entitle  it  to  a  more  minute  detail  :— 

On  May  22,  1807,  &  severe  earthquake  was  felt  at  Great  Cam- 
meni ;  and  on  the  ensuing  morning  a  party  of  seamen  discovering 
not  far  off  what  they  believed  to  be  a  wreck»  rapidly  rowed  towards 
it ;  but  finding  rocks  and  earth  instead  of  the  remains  of  a  ship,  hasted 
back,  and  spread  the  news  of  what  they  had  seen  in  Santorini.  How 
great  soever  the  apprehensions  of  the  inhabitants  were  at  the  first 
sight,  their  surprise  soon  abated,  and  in  a  few  days,  seeing  no  ap- 
pearance of  fire  or  smoke,  some  of  them  ventured  to  land  on  the 
new  island.'  Their  curiosity  led  them  from  rock  to  rock,  where 
they  found  a  kind  of  white  stone  that  cut  like  breads  which  it  nearly 
resembled  in  its  form,  colour,  and  consistence.  They  also  found 
many  oysters  sticking  to  the  rocks ;  but  while  they  were  employed 
in  gathering  them,  the  island  moved  and  shook  under  their  feet, 
upon  which  they  ran  with  precipitation  to  theur  boats.  With  these 
motions  and  tremblings  the  island  increased,  not  only  in  height,  but 
in  length  and  breadth  ;  yet  sometimes  while  it  was  raised  and  ex- 
tended on  one  side,  it  sunk  aud  diminished  on  the  other.  Our  au* 
thor  observed  a  rock  to  rise  out  of  the  sea,  forty  or  fifty  paces  fronoL 
the  island,  which  having  continued  four  days,  sunk,  and  appeared 
no  more ;  but  several  others  appeared  and  disappeared  alternately, 
till  at  last  they  remained  fixed  and  unmoved.  In  the  mean  time  the 
colour  of  the  surrounding  sea  was  changed :  at  first  it  was  ot  a  light 
green,  then  reddish,,  and  afterwards  of  a  pale  yellow,  accompanied 
with  a  noisome  stench,  which  spread  itself  over  part  of  Santorini. 

On  the  l6th  of  July  the  smoke  first  appeared,  not  indeed  from 
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hnviiig  lasted  tome  days,  was  sacceeded  by  another  much  louder, 
so  nesktlj  resemblmg  thoiidery  as  hardly  to  be  distkigu'ished  from 
three  or  four  real  claps  that  happened  at  the  same  time. 

On  the  21st»  the  fire  and  smcike  Tcry  considerably  diminished  $ 
but  the  next  momhig  broke  out  wirh  greater  furjr  than  before.  The 
smoke  was  red,  and  very  thicks  and  the  hf  at  so  intense,  that  all 
round  the  island  the  sea  smoked  and  bubbled  in  a  surprising  man« 
ner.  At  night,  by  means  of  a  telescope^  sixty  smaller  openings  or 
funnels^  all  emitting  a  very  bright  flame,  were  discovered  upon  the 
highest  part  of  the  island,  conjointly  resembling  a  Urge  furnace) 
and  there  seemed  to  be  a^  many  more  on  the  other  side  of  the 
great  volcano.  On  the  23d  of  August,  in  the  morning,  the  bland 
was  much  higher  than  the  day  before,  and  its  breadth  was  increased 
by  a  chain  of  rocks  sprung  up  in  the  night  almost  fifty  feet  above 
the  water.  Tlie  sea  was  also  again  covered  with  reddish  troth, 
which  always  appeared  when  the  ishind  received  any  considerable 
additions,  and  occasioned  an  intolerable  stench,  till  it  was  dbpersed 
by  the  wind  and  the  motion  of  the  waves. 

On  the  5th  of  September,  the  fire  opened  another  vent  at  the  ex* 
tremtty  of  the  Black  Island,  from  which  it  issued'  for  several  daySf 
during  which  but  little  was  discharged  from  the  large  furnace:  and 
from  this  new  passage  the  astonished  spectators  beheld  the  fire  dart 
up  three  several  times  to  a  vast  height,  resembling  so  many  prodigioua 
sky-rockets  of  a  glowing  lively  red.  The  following  night  the 
subterraneous  fire  made  a  terrible  noise,  and  immediately  after  a 
thousand  sheaves  of  fire  flew  up  into  the  air,  where,  breaking  and 
dispersing,  they  fell  like  a  shower  of  stars  upon  the  island,  which 
appeared  all  in  a  blaze,  presenting  to  the  amased  spectators  at  once 
a  most  dreadfril  and  beautiful  lllorainatiou.  To  these  natural  fire« 
works  succeeded  a  kind  of  meteor,  which  for  some  time  hung  over 
the  castle  of  Scaro,  which  is  seated  on  a  high  rock  in  the  bhind  of 
Santorini,  a  meteor  not  unlike  a  fiery  sword>  and  which  served  to 
increase  the  consternation  of  the  inhabitants. 

On  the  9th  of  September  the  White  and  Black  Islands  united,  after 
which  the  western  end  of  the  bland  daily  incr^|ued.  There  were 
now  only  four  openings  that  emitted  flames,  which  issued  fi»rth  with 
great  impetuosity,  sometimes  attended  with  a  noise  like  that  of  a 
large  organ-pipe,  and  sometimes  like  the  bowling  of  wild  beasts.^«» 
On' the  J  2th,  the  subterraneous  noiae  became  much  augi^imited, 
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having  never  been  tt>  firefUfiii  or  Mdnadfi^fl^MllHftaNi'flwiit 
lowiug  day.  The  bants  of  thii  ^JHuiaauao  tfiidtrr  Vkm  a  §■»» 
nd  diflcban^  of  the  artiUtfy  of  an  ansj.  artie  lapaatod  tai  or  tanriia 
tknes  witbm  twenty-four  boiirs»  and  iaunodialeiy  after  oach  dkf 
the  large  ftimace  threw  up  huge  red-hot  etonci^  which  fdl  iaia  Ikt 
•ea  at  a  great  distance.  These  clape  were  ahiays  faPawed  hj  a 
thick  smoke*  which  spread  clouds  of  ashes  over  the  sea  and  Ihs 
ne^bottting  isUnds.'  % 

On  the  18th  of  September,  an  earihqiiake  wasfUtatSattteriai 
but  did  no  great  damage,  though  it  cousiderabiy  enbifed  thehaniag 
island,  and  in  several  new  places  gave  vent  to^  the  fire  and  wnehai 
The  daps  were  also  more  terrible  than  ever,  and  in  tbeottditofs 
tfiick  smohe  that  appeared  like  a  moontain,  were  seen  and  heard 
huge  pieces  of  rode,  thrown  up  with  as  much  noise  and  tece  as  balk 
from  the  mouth  of  a  cannon,  which  afterward  fell  upon  the  idam^ 
or  into  the  sea.  Doe  of  the  small  neighbourii^  islands  wv  several 
times  covered  with  these  fiery  stones,  whidrbdog  thmfy  crmtedover 
with  ^phor,  gave  a  bi%ht  Kght,  and  eootinued  boiajiig  tiU  that 
was  consumed. 

On  the  21st,  after  rdreadfid  dap  of  sohtenaneons  thunder,  vcr^ 
great  Ughtmngs  eoaued,  and  at  the  same  instant  the  aew  island  wai 
ao  tiolentlj  shaken,  that  part  of  the  great  furnace  came  tumbiiog 
down,  and  huge  burning  rocks  were  thrown  to  the  distance  of  two 
miles  and  upward.    This  seemed  to  be  the  last  effort  of  the  volcaai^ 
and  to  have  exhausted  the  combustible  matter,  as  all  was  qaiet 
for  several  days  after.    But  on  the  2<5tb  the  fire  broke  out  agaia 
with  still  greater  fiiry,  and  among  the  claps  one  was  so  ternhie^  that 
the  churches  of  Santorini  were  soon  filled  with  crowds  of  people, 
expecting  every  moment  would  be  tbdr  last ;  and  ^  castle  and 
town  of  Scaro  suffered  such  a  shock,  that  the  doors  and  win- 
dows of  the  houses  flew  open.    The  volcano  continued  to  rage 
during  the  remaining  part  of  the  year ;  and  m  the  month  of  Janu- 
ary 170Q»  the  large  fiimace,  without  one  da/s  intermissioo,  threw 
out  stones  and  flames,  at  least  once  or  twice,  but  generally  five  or 
six  times  a  day. 

On  the  10th  of  February,  in  the  morning,  a  pretty  strong  eaith- 
qnake  was  fdt  at  Santorini,  which  the  inhabitants  considered  as  a 
prelude  to  greater  commotions  in  the  burning  island  ;  nor  were  they 
deceived  ^  for  soon  after  the  fire  and  smoke  issued  in  pcodigiom 
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^ttautitiesy  the  daps  like  thunder  wete  redoubled,  aud  nothing  ap* 
pcaretl  but  objects  of  horror  and  confusion ;  rocks  of  au  amazing 
sice  were  raised  up  to  a  great  height  above  the  water,  and  the  sea 
niged  and  boiled  to  such  a  degree  that  it  occasioned  great  constec^ 
nation.  The  subterraneous  bellowings  were  heard  without  intermia^ 
sion,  and  sometimes  in  Jess  than  a  ^guarter  of  an  hour  there  were  six 
or  seven  eruptions  from  the  large  furnace.  The  noise  of  the  re- 
peated claps,  the  quantity  of  huge  stones  that  flew  about  ou  every 
side,  the  houses  tottering  to  their  very  foundations,  and  the  fire, 
which  now  appeared  in  open  day,  surpassed  all  that  had  hitherto 
happened,  and  formed  a  scene  astonishing  beyond  description. 

The  1 5th  of  April  was  rendered  remarkable  by  the  number  and 
▼iolence  of  the  bellowiugs  and  eruptions,  by  one  of  which  near  a 
hundred  large  stones  were  thrown  up  ail  together -into  the  air,  and 
fell  again  into  the  sea  at  about  two  miles  distance.  From  this  time 
to  the  2dd  of  May,  which  might  be  called  the  anniversary  of  thm 
birth  of  the  new  island,  things  continued  much  in  the  same  state ; 
but  afterward  the  fire  and  smoke  by  degrees  subsided^  and  the  sub- 
terraneous thunders  became  less  terrible. 

On  the  15th  of  July  1709,  the  Bishop  of  Santorini,  accompanied 
by  several  firiars,  hired  a  boat  to  take  a  near  view  of  the  island. 
They  made  directly  toward  it  on  that  side  where  the  sea  did  not 
babble,  but  where  it  smoked  very  much.  Being  got  into  this  va* 
pour,  they  felt  a  dose  ^ufibcating  heat,  and  found  the  water  very 
hot ;  npon  which  they  directed  their  course  toward  a  part  of  tha 
island  at  the  farthest  distance  from  the  large  furnace.  The  fires, 
which  still  continued  to  burn,  and  the  boiling  of  the  sea,  obliged 
them  to  take  a  great  compass,  and  yet  they  felt  the  air  about  them 
very  hot  and  sultry.  Having  encompassed  the  island,  and  surveyed 
it  carefully  from  an  adjacent  one,  they  judged  it  to  be  two  hundred 
feet  above  the  sea,  about  a  mile  broad^  and  five  miles  in  drcum* 
ference ;  but  not  being  thoroughly  satisfied,  they  resolved  to  attempt 
to  land,  and  accordingly  rowed  toward  that  part  ot  the  island  where 
they  perceived  neither  fire  nor  smoke ;  but  when  they  had  got  within 
a  hundred  yards  of  it,  the  great  furnace  discharged  itself  with  its 
usual  fury,  and  the  wind  blew  upon  them  a  thick  smoke  and  a 
shower  of  ashes,  which  obliged  them  to  quit  their  design.  Havhig 
retired  a  little,  thjBy  let  down  a  plummet,  with  a  line  ninety-five  fi^ 
thorns  lo9gr  hot  i^  was  too  short  to  reach  the  bottom.    On  their 
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retnrn  to  Santorioi,  they  observed  that  the  heat  of  the  wmtcr  bad 
melted  most  of  the  pitch  from  their  boat»  which  was  therefore  grows 
very  leaky. 

From  this  time  until  the  13th  of  August,  die  fin,  mioke,  aad 
noise  conthiued,  though  moderately ;  and  for  several  jeais  after,  il 
appears  that  the  isUmd  still  increasetU  but  that  the  fire  and  siibler- 
raneous  noises  were  much  abated ;  and  as  the  tnveilera  who  have 
since  visited  the  Levaut  give  no  account  of  itif  bumii^  it  las  donbt* 
less  long  since  ceased. 

We  have  stated  that  similar  ei^iptions  of  islands  have  occnired  m 
the  group  of  the  Azores.  Thus,  in  December  17 20,  a  violent  earth- 
quake was  felt  on  the  island  of  Tercera.  In  the  night  and  the 
neat  morning  the  top  of  a  new  bland  a(^)eared»  which  ejected  a  h«^ 
column  of  smoke.  The  pilot  of  a  ship,  who  attempted  to  approach 
it,  sounded  on  one  side  of  the  new-fonned  island,  with  a  line  of  sixty 
fiithomsy  but  could  find  no  bottom.  On  the  opposite  side,  the  sei 
was  deeply  tinged  witli  various  colours,  white,  blue,  and  green,  and 
was  very  shallow.  This  blaiid  was  larger  on  its  first  appeannce 
than  at  some  distance  of  time  afterwards  :  it  at  length  sunk  below 
the  hvel  of  the  sea,  and  now  is  no  more  to  be  found. 

'<  Yet  what  cau  be  more  surprising,"  observes  the  writer  of  the 
preceding  account,  **  than  to  see  fire  not  <mly  break  out  of  the 
bowels  of  the  earth,  but  also  to  make  itself  a  passage  through  the 
waters  of  the  sea !  What  cau  be  more  extraorJioary  or  foreign  to 
our  common  notious  of  things,  tituu  to  see  the  bottom  of  tiie  sea 
rise  up  into  a  mountain  above  the  water,  and  become  so  firm  an 
blaud  as  to  be  able  to  resist  the  violence  of  the  greatest  storms  I  I 
know  that  subterrducous  fires,  wlieu  pent  iu  a  narrow  passage,  are 
able  to  raise  up  a  mass  of  earth  as  large  as  an  bland ;  but  that  this 
should  be  done  in  so  regular  and  exact  a  manner  that  the  water  of 
the  sea  should  not  be  able  to  penetrate  and  extiogubh  those  fires ; 
and,  after  having  been  exliuguished,  that  the  mass  of  earth  should 
not  fall  down,  or  sink  again  with  its  own  weight,  but  still  remain  ui 
a  mauner  suspended  over  the  great  arch  below  !  Thb  is  what  to  me 
seems  more  surprising  than  av.y  thing  that  has  been  related  of  Mount 
Etna,  Vesuvius,  or  any  other  volcano." 

The  following  is  a  more  detailed  description  of  a  similar  phe- 
nomenon occurring  in  the  same  quarter,  though  of  much  later 
date.  We  copy  it  from  Cupt.  Tillard's  narrative,  communicated  ^ 
the  Ilo}al  Society. 
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Approacbino,  says  be,  the  island  of  St.  Miclmcrs,  on  Suoday^ 
June  12,  1811,  in  his  Mi^esty's  sloop  Sabrina  under  my  command^ 
we  occasionally  observed^  rising  in  the  horizon,  two  or  three  columns 
of  sniok««  such  as  would  liave  been  occasioned  by  an  action  between 
two  sliips,  to  which  cause  we  universally  attributed  its  origin.  Thb 
opini4in  was»  however,  in  a  very  short  time  chaugi^d,  from,  the  smoke 
increasing  aud  ascending  in  much  larger  bodies  than  could  possibly 
iiave  been  produced  b^  such  an  event ;  and  having  heard  an  account, 
prior  to  our  sailing  from  Lisbon,  that  in  the  preceding  January  or 
February  a  volcano  had  burst  out  within  the  sea  near  St.  MichaeKs, 
we  immediately  concluded  tliat  the  smoke  we  saw  proceeded  from  thai 
cause,  and  on  our  anchoring  next  morning  in  tlie  road  of  Ponta  det 
Gada^  we  found  ibis  coiyecture  correct  as  to  the  cause,  but  not  to 
the  time;  the  eruption  of  January  having  totally  subsided,  and^the 
present  one  having  only  burst  forth  two  da>s  prior  to  our  approach, 
and  about  three  miles  distant  from  the  one  before  alluded  to. 

Desirous  of  examining  as  minutely  as  possibly  a  contention  so  ex- 
traordinary between  two  such  powerful  elements,  I  set  off  from  the 
city  of  Ponta  del  Gada  on  the  morning  of  the  14th,  in  company 
with  Mr.  Read,  the  Consul  General  of  the  Aaores,  and  two  other 
gentlemen.  After  riding  about  twenty  miles  across  the  NW.  end  of 
the  iskmd  of  St.  Micbaers,  we  came  to  the  edge  of  a  o|iff  from 
whence  the  volcano  burst  suddenly  upon  our  view  in  the  most  ter- 
rific and  awful  grandeur.  It  was  only  a  short  mile  from  the  base  of 
the  cliff,  which  was  nearly  perpendicular,  and  formed  the  margin 
of  the  sea ;  this  cliff  being  as  nearly  as  I  could  judge  from  tliree  to 
four  hundred  feet  high.  To  give  you  an  adequate  iddk  of  the  scene 
by  description  is  hx  beyond  my  powers  i  but  for  your  satisfiictioo  I 
sliall  attempt  it.  • ' 

Imagine  an  immense  body  of  smoke  rising  froiu  the  sea,  the  surfoce 
of  which  was  marked  by  the  silvery  ripling  of  the  waves,  occasioned 
by  the  light  and  steady  breeses  incidental  to  those  climates  ui  sum- 
mer. In  a  quiescent  state,  it  had  tBe  appearance  of  a  drculUr  cloud 
revolving  oo  the  water  like  an  horizontal  wheels  in  various  and  irre* 
gular  involutions^  expanding  itself  gradually  on  the  lee  side,  when 
suddenly  a  column  of  the  blackest  cinders,  ashes^  and  stones  would 
shoot  up  in  form  of  a  spire  at  an  angle  of  from  ten  to  twenty  degrees 
from  a  perpcodieular  line»  the  angle  of  indmation  bemg  universally 
to  windwafd:  this  was  lapkUy  succeeded  by  a  second^,  third,  and 
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by  a  very  severe  shock  of  nn  earthquake*  The  iostantaneous  and 
involuntary  movement  of  each  was  to  spring  upon  bis  feet,  and  I 
said,  **  This  admits  of  no  doubt."  The  words  had  scarce  passed 
my  lipsj  before  we  observed  a  large  portion  of  the  face  of  the  cliff, 
about  fifty  yards  on  our  left,  falling,  which  it  did  with  a  violent 
crash.  So  soon  as  our  iirst  consternation  had  a  little  subsided,  we 
removed  about  ten  or  a  dozen  yards  further  from  the  edge  of  the 
cliff,  and  finislied  our  dinner. 

On  the  succeeding  day,  June  15th,  having  the  consul  and  some 
other  friends  on  board,  I  weighed,  and  proceeded  withithe  ship 
towards  the  volcano,  with  the  intention  of  witnessing  a  night  view  ; 
but  in  this  expectation  we  were  greatljf  disappointed,  from  the 
wind  freshening  and  the  weather  becoming  thick  and  hazy,  and 
also  from  the  volcano  itself  being  clearly  more  quiescent  than  it  was 
the  preceding  day.  It  seldom  emitted  any  lightning,  but  occasioiii» 
ally  as  much  flame  as  may  be  seen  to  issue  from  the  top  of  a  glasi^ 
house  or  foundery  chimney. 

On  passing  directly  under  the  great  cloud  of  smoke,  about  three 
or  four  miles  distant  from  the  volcano,  the  decks  of  the  ship  were 
covered  with  fine  black  asiies,  which  fell  intermixt  with  small  rain. 
We  returned  the  next  morning,  and  late  on  the  evenbg  of  the  same 
day  I  took  my  leave  of  St.  Michaers  to  complete  my  cruiae. 

On  opening  the  volcano  clear  of  the  NW  part  of  the  island, 
after  dark  on  the  l6th,  we  witnessed  one  or  two  eruptions  that,  had 
the  ship  been  near  enough,  would  have  been  awfully  grand.  It  ap» 
peared  one  continued  blaze  of  lightning;  but  the  distance  which 
it  was  at  from  the  ship,  upwards  of  twenty  miles,  prevented  our  seeing 
it  with  effect. 

Returning  again  towards  St.  Michael's  on  the  4th  of  July,  I  was 
obliged,  by  the  state  of  the  wmd,  to  pass  with  the  ship  very  close  to 
the  island,  which  was  now  completely  formed  by  the  volcano,  being 
nearly  the  height  of  Matlock  High  Tor^  about  eighty  yards  above 
the  sea.  At  this  time  it  was  perfectly  tranquil ;  which  circomstanee 
determined  me  to  land,  and  explore  it  more  narrowly. 

I  left  the  ship  in  one  of  the  boats,  accompanied  by  some  of  the 
officers.  As  we  approached^  we  perceived  that  was  still  smoking  io 
many  parts,  and  upon  our  reaching  the  ishmd  found  the  surf  oo  the 
beach  very  high.    Rowing  round  to  the  lee  side,  with  some  littk 
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the  other  side  was  immediate^  and  as  steep  as  the  one  we  had 
ascended  ;  but  b^  throwing  our  legs  across  it«  as  would  be  done  oi 
the  ridge  of  a  bouse^  and  moving  ourselves  forward  by  our  haods^ 
weat  length  reached  that  part  of  it  where  it  gradually  widened  itself 
and  formed  the  summit  of  the  cliff,  which  we  found  to  have  n  per-» 
fectly  flat  surface,  of  the  dimensions  before  stateil. 

Judging  this  to  be  the  most  conspicuous  situation,  we  here  planted 
the  Union,  and  lef^  a  bottle  sealed  up  containing  a  small  account  of 
the  origin  of  the  island,  and  of  our  having  landed  upon  it,  and  nam« 
ing  it  Sabrina  Island. 

Within  the  crater  I  found  the  complete  skeleton  of  a  guard  fish, 
the  bones  of  which  being  perfectly  burnt,  fell  to  pieces  upon  at* 
tempting  to  take  them  up ;  and  by  the  account  of  the  inhabitants 
on  the  coast  of  St.  Michael's,  great  numbers  of  fish  bad  been  de- 
stroyed during  the  early  part  of  the  eruption,  as  large  quantities, 
probably  suffocated  or  poisoned,  were  occasionally  found  dril'ted 
into  the  small  inlets  or  bays. 

The  island,  like  other  volcanic  productions,  is  composed  prinei* 
pally  of  porous  substances,  and  generally  bunit  to  complete  cinders, 
with  occasional  masses  of  a  stone,  which  I  should  suppose  to  be  a 
mixture  of  iron  and  lime-stone. 

ILowenom.  Payne's  Gecg.  Exir.Phil.  Dram.  1728.  I81^J 


CHAP.  XVII. 

MINKRALOGICAL  REMARKS  ON   THE    NATURB  OF  VOLCANIC 

MATERIALS. 


1  HIS  is  a  subject  which  still  requires  the  attention  of  oryctologists. 
We  are  scarcely  acquainted,  says  Dr.  Thomson  in  his  History  of  the 
Royal  Society,  with  the  nature  of  the  rocks  of  which  Etna  or  Vesuvius 
is  composed:  indeed,  the  task  is  extremely  difficult |  for  these  raoun* 
tains  are  so  surrounded  with  lava  on  all  sides,  that  the  rock  itself^  of 
-which  the  motmtain  coosbted  before  the  Tolcaao  commenced,  may 
perhaps  be  entuvly  concealed  fipom  view.    The  prodigious  extent  of 
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Dn  Hutton,  indeed,  contend  that  they  have  been  melted  by  beat, 
but  do  not  suppose  that  they  have  ever  belonged  to  a  volcanic 
mountain. 

Considerable  doubts  are  entertained  by  some,  whether  pumice  be  a 
volcanic  substance  or  not ;  and  these  doubts  are  foimded  on  the  sup- 
position that  pumice,  though  often  observed  in  the  neighbourhood  of 
volcanoes,  has  never  been  seen  mixed  with  \$vz,  or  actually  flowing  from 
a  volcano.  If  the  evidence  of  Toumefort  be  considered  as  sufficient, 
there  can  be  no  doubt  that  pumice  is  occasioually  thrown  ont  of  vol* 
canoes ;  for  he  describes  various  examples  of  it  in  his  Voyage  to  tiie 
Levant.  Pumice  has  been  repeatedly  observed  floating  on  the  sur« 
face  of  the  sea,  in  immense  quantity.  To  give  one  example,  Mr« 
Dove,  the  captain  of  an  Indiaman,  observed  it  floating  in  the  At- 
lantic Ocean,  in  immense  abundance,  over  a  tract  of  not4ess  than 
317  miles  in  length.  The  pumice  was  first  observed  in  south  lati- 
tude 35^  36^,  west  longitude  4*  9^,  and  the  sboab  of  it  conliimed 
for  several  days  *.  Now  it  is  impossible  to  account  for  such  ap- 
pearances on  any  other  supposition  than  that  the  pumice  has  been 
thrown  from  the  bottom  of  the  sea  by  some  volcanic  force;  and,  if 
that  be  admitted,  it  will  follow  that  pumice,  at  least  some  times, 
though  perhaps  not  always,  is  volcanic. 

The  following  observations  of  Spalanzani  upon  an  accurate  investi- 
gation of  the  Solfatarat,  near  Naples,  are  peculiarly  entitled  to  the 
attention  of  the  mineralogbt. 


•  PhiU  Trans.  1788.  vol.  zxzv.  p.  444* 

f  The  lofly  side  of  Solfinlvmy  near  Na|fles,  seenn  to  exhibit,  in  a  mi- 
BUter  degree,  whatever  is  seen  of  this  horrible  kind  on  the  great  theatre  of 
nature.  This  plain,  which  Is  about  twelve  hundred  feet  long,  and  a  thounand 
broad,  is  embosomed  in  mountains^  and  has  in  the  middle  of  it  a  lake  of  noi- 
some blackish  water,  covered  with  a  bitumen  that  floats  upon  its  surfiice.  In 
every  part  of  this  plain,  caverns  appear  smoking  with  sulphur,  and  often  emit- 
ting flames.  The  earth,  wherever  we  walk  over  it,  trembles  beneath  the  feet 
Noises  of  flames,  and  the  hissing  of  waters,  are  heard  at  the  bottom.  The  wa- 
ter sometimes  spouts  up  eight  or  ten  feet  high.  The  most  noisome  fumes,  foetid 
water,  and  sulphureoas  vapours,  offend  the  smell.  AMone  thrown  into  any  of 
the  caverai,  is  ^ected  again  with  considerable  violence.  These  appearances 
^nerally  prevail  when  the  sea  is  any  ways  distnrt»ed  j  and  the  whole  seems  to 
exhibit  narks  of  an  earthquake  in  miniature. 
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not  suflkient- light ;  th«  solar  rays,  shining  on  the  entrance  uhich 
looks  towards  Naples,  will  sufficiently  iiluniiiiate  the  roof  and  sides 
to  shew  layers  or  flakes,  similar  to  those  which  may  he  observed  on 
the  steep  sides  of  mountains^  or  in  perpendicular  sections  of  the 
earth,  in  low  places,  where  sediments  of  various  kinds  of  slime  have 
been  formed  by  the  inundations  of  rivt* rs.  It  seems>  however,  im* 
possible  to  doubt,  that  thb  accumulation  of  tofa,  through  the  midst 
of  which  the  Romans  opened  that  long  and  spacious  grotto,  has 
been  produced  by  the  thick  eruptions  which  have  frequently  issued 
from  volcanoes,  and  which,  heaping  up  one  upon  another,  have 
hardened  in  time  into  this  tuiaceous  stone ;  since  both  Vesuvius  and 
Btna  furnish  sufficient  examples  of  such  eruptions.  And  as  in  many 
other  tufas  in  the  vicinity  I  have  observed  a  similar  constructure,  I 
cannot  suppose  their  origin  to  have  been  diffierent. 

Coming  out  of  this  subterraneous  passage,  and  proceeding  towards 
Solfiatara,  I  observed,  on  the  right-hand  side  of  the  road,  a  ridge  of 
lava,  nearly  parallel  with  it,  which  had  every  appearance  of  havmg 
been  thrown  out  of  the  volcano  when  burning,  both  because  it  was 
extremely  near  to  it,  and  liad  its  highest  part  in  that  direction.  Its 
thickness  exceeded  five.and*thirty  feet,  and  it  was  situated  between 
two  layers  of  tufa,  one  above  and  the  other  below.  It  formed  a 
high  rock,  perpendicular  to  one  side  of  the  road.  A  number  of 
labourers  were  continually  employed  in  separating  pieces  of  this 
lava,  with  pickaxes,  or  otfeMer  instruments  proper  for  such  work.  It 
is  compact,  heavy,  somewhat  vitreous^  gives  sparks  with  steel,  and 
appeared  to  me  to  have  for  its  base  the  petrosilex.  Incorporated 
with  it  are  foimd  shoerls  and  feltspars.  The  former  are  shmiog, 
of  a  dark  violet»colour,  in  shape  rectangular  needles,  vkreous,  in 
length  from  the  sixth  of  a  Ihie  to  two  lines :  it  besides  contains  a 
considerable  quantity  of  others  which  have  no  regular  form.  But 
the  feltspars  are  more  conspicuous  than  the  shoerls ;  both  from  their 
larger  siae  aad  greater  number.  They  are,  in  geneml,  of  a  flat 
rbomboidal  form,  and  consist  of  an  aggregate  of  small  white  hi* 
mellaeb  dully  transparent,  brilliant,  marked  with  longitudinal  stnaks 
parallel  to  each  other,  closely  adhering  together,  but  easily  sepa- 
rated by  the  hammer,  givmg  sparks  with  steel  more  readily  thatt  the 
lava;  and,  in  the  full  light  of  day,  exhibiting  that  changmg  colour 
ivhieh  usually  accompanies  thif  stone^    The  largest  are  ten  lines 
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gillaceoos  scents  oo  weltiog  it»  or  €veo  merely  moistefiiiig  it  with  tke 
breath  \ 

It  is  very  probahle  that  this  kva  has  been  deeomposed,  and  that 
the  decomposition  has  penetrated  to  the  feltspars  with  which  it 
abounds,  as  tliey  are  become  very  friable;  though  they  in  general 
Jti]i  letain  their  natural  brilliancy. 

Having  made  these  cursory  observations,  I  proceeded  to  SoUa- 
tara :  nor  did  I  satisfy  myself  with  one  visit  only,  but  repeated  it 
several  days;  being  extremely  desirous  carefully  to  examine,  and 
gain  eveiy  information  relative  to  a  place  so  celebrated.  * 

Piom  reading  the  notes  of  M •  Dietrich  to  Ferber^s  Travels  in  Italy, 
I  had  been  induced  to  imagine  that  Solfatara  was  a  mountain  isolated 
on  every  sidet;  but  the  truth  is,  it  is  connected  with  the  other  neigh- 
bouiing  mountains,  with  which  it  forms  an  unintemipted  diain  of 
considerable  extent. 

It  would  be  but  of  little  utility  for  me  to  describe  at  length  the 
form,  extent,  and  circuit  of  this  Phlegrean  field }  the  various  qua- 
lities of  the  hot  vapours  which  exhale  from  it ;  or  the  hollow  noiso 
whidi  is  heard  on  striking  the  ground  in  various  parts  of  it ;  not  that 
these  circumstances  were  not  carefiilly  examined  by  ne,  or  that  I 
think  them  unworthy  of  my  narrative^  but  because  it  appears  to  ma 
unnecessary  to  enlarge  on  them,  as  they  have  been  already  repeatedly 
described  by  a  great  number  of  travelkrs.  It  will,  in  my  opmion,  be 
more  agreieable  to  the  natiuralist  to  proceed  toa  minute examinatioo 
of  tlie  principal  productions  of  th»  yet  unexttngoislied  volcano,  at 
they  have  hitherto  been,  for  the  most  part,  either  unobserved  or 
passed  over  in  silenee. 

In  the  obscurity  and  uncertainty  m  which  we  fiod  ourselves,  re* 
ktive  to  the  causes  productive  of  sobterraneous  conilagratioiis*  the 
spontaneous  inflammation  of  sulphures  of  iron  <or  pyrites)  has  been 
considered  as  one  of  the  roost  probable.  The  well-kimiwo  expeo* 
ment  of  Leroery,  by  which  a  sunilar  oonflagratMm  is  produced  by 


«  *  !■  many  lanui,  the  Keat  of  clay  <t  pcreeiTed,  on  mobtcaiog  tlieni  with 
the  breath,  or  by  other  means :  whenever,  therefore,  I  m^y  hereafter  mentioo 
.the  aipUaceom  tcent  of  Ufa,  I  always  nndcntand  It  to  hoTO  been  tabjected  to 
tiiii  bnnectation,  thogiii  I  omit  to  BeaUon  it,  to  avoid  proUsity.' 

t  La  Sol&tare  reprlseate  encore  aiyoiml'hal  nne  mmtajf^e  awes  ticv4c  ef 
iaolie de torn cdtlf.— I^frvt tiir  to  KintrMhgkf  ^t^dttRalk^  4«. 

VOL.  I.  ft 
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when  digbtl^  oioiateoed.  It  abaorbs  waler  greedily^  and  with  a  kind 
of  iiiflsing  noise ;  but  is  not  reducible  to  a  lubricious  paste  as  clay  is. 
fiut  the  internal  part  of  this  lava,  besides  beiPg  of  a  grey  colour^  is 
three-tburths  heavier,  and  in  its  compactness!,  and  its  grain,  ap- 
proaches to  that  species  of  calcareous  earth,  called  aUcareus  ^ua^ 
bilitt  though,  in  fact,  it  only  resembles  it  in  appearance,  not  being 
reduced  to  caU  by  fire,  nor  dissolved  by  acids,  jln  tills  lava,  the 
sulphure  oi  iron  is  not  found  in  cubes  or  globes,  but  in  thin  lamellse; 
and  is  dispersed  throughout  its  whole  substance,  especially  in  certain 
parts,  where  the  colour  of  the  stone  mclmes  to  black,  and  has  n 
greater  consisteucy.  No  sign  of  this  mineral  appears  in  the  white 
decompounded  lava,  probably  because  it  was  destroyed  gradually^ 
in  proportion  as  the  .decomposition  took  place. 

IV.  This  lava  b  much  heavier  than  the  three  preceding;  which, 
no  doubt,  arises  from  the  greater  abundance  of  sulphure  of  irou  that 
it  contains.  Tlie  shining  particles  of  this  mineral  are  pnnci|Hilly  to 
be  seen  in  its  vacuities  <af  which,  li.owcver,-it  has  not  many).  They 
are  polyhedrons,  but  the  number  of  their  faces  is  not  constant. 
When  exposed  to  the  fire,  it% loses  its  brassy  colour,  burns  with  a  thin 
blue  fiame,  and  emits  a  strong  smell  of  sulphur.  The  lava  which 
contains  it,  and  which  is  of  a  livid  grey  colour,  is  in  some  sit ual ions 
so  soft  that  it  may  be  scratched  with  the  nail,  but  in  others  much 
harder,  and  some  of  it  will  give  sparks  with  steel.  In  this  lava,  Xhft 
base  of  which  appeared  to  me  to  be  horn-stone,  we  find  crystallized 
feltspars,  but  decomposed,  though  less  so  than  the  lava  in  which  they 
are  inclosed. 

V.  Around  the  eitensive  plaui  of  Solfalara,  we  observe,  in  several 
places,  a  circular  ridge  of  steep  rocks,  which  once  formed  the  upper 
sides  of  this  enormous  crater.  The  rain  water,  descending  this 
declivity,  over  the  decomposed  lava,  carries  down  with  it  the  more 
minute  parts  to  the  lower  grounds,  where  various  concretions  are 
produced,  especially  those  stahictites  which  are  commonly  called 
oo&et,  or  pjiolitef  *•  But  of  these  stalactites  we  shall  speak  here- 
after. Here  we  shall  only  notice,  that  this  water,  iu  its  descent, 
carries  down  with  it  small  pieces  of  decomposed  lava,  and  that,  hi 

*  Varieties  of  tbe  Tofkut  ooUihu$  of  the  Syst.  Nat.  or  the  Compact  l,imc* 
ttone  of  Kirwao«  / 

2  L  1? 
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Vl.  Tills  lava  is  coloured  on  the  upper  part  with  a  cof«sing  of 
jrellow  oxyde  of  iron,  under  which  is  a  white  decomposed  stratum^ 
to  which  corresponds  another  lower  one  of  a  cinereous  colour,  where 
the  lava  is  much  less  changed.  These  two  strata  form  a  very  strong 
<!ontrast.  The  white  may  be  cut  with  a  knife^  in  some  places  more 
easily  and  in  some  less ;  adheres  to  the  tonguei  does  not  give  sparks 
with  steel»  feels  soft  to  the  wet  finger  passed  over  it|  has  consider* 
able  lightness^  and  being  struck  with  a  hammer^  gives  a  dull  sounds 
like  earth  moderately  hardened.  On  the  contrary  the  cinereous 
stratum  sounds^  when  struck  with  a  hammer*  like  a  hard  stone,  of 
which  it  also  has  the  weight  {  is  rough  to  the  touch,  scarcely  at  ail 
adheres  to  the  tongue,  gives  fire  with  steelj  and  cannot  be  cut  with 
the  knife.  The  white  stratum  in  some  places,  is  an  inch  thick,  and 
in  others  more^  but  there  are  likewise  places  where  it  is  only  a  few 
Imes  hi  thickness.  The  white  stratum,  in  general,  changes  msen* 
sibly  into  the  cuiereous,  but  in  some  places  the  separation  is  sudden 
and  abrupt. 

The  feltspars  in  this  lava  (ibr  of  these  it  is  full)  are  prisms :  the 

largest  of  which  are  ttn  \me^  in  lengthy  and  the  smallest  the  sixth  of 

a  Ime.     In  the  cmereous  stnUom*  notwithstanding  a  beginnmg  de* 

compositmn  may  be  perceived,  the  feltspan  are  unimpaired*    On 

the  contrary,  in  the  more  decomposed  stratum*  I  mean  the  whiter 

their  decomposition  »  very  apparent  j  they  have  all  lost  their  trana- 

parency,  though  many  of  thenl  still  retain  their  splendour.    Others 

have  acquired  a  resemblance  to  a  sulphate  of  lime  that  has  remamed 

some  time  in  the  fire ;  to  which  they  m^ht  likewise  be  compared  in 

softness*  had  they  a  little  less  oon0istence»    Some  of  them  are  m« 

fixed  in  that  part  of  the  lava,  the  colour  of  which  is  between  the 

cinereous  and  white,  and  here  we  find  them*less  chmged  than  in  the 

stratum  which  is  entirely  white.    Others  have  one  part  of  them  is 

the  white,  and  the  other  in  the  cinereoas  stratum ;  m  which  case  we 

find  the  part  fixed  in  the  latter  stratum  to  have  suffered  nothmg,  but 

that  in  the  former  considerably.    In  abort|  from  the  inspectioii  of 

this  lava,  it  is  manifest,  that,  in  proportion  as  the  nature  of  it  is 

changed,  the  feltspars  it  contains  nndei^go  a  change^  except  when 

the  principle  produdiig  the  alteration  U  unable  to  wBeet  them.    Be-  * 

sides  these  feltspars,  we  find  hioorporatad  with  the  lava  a  number  of 

very  small  and  almoat  invisible  bhick  ihoerls,  wUcb  are  not  disti»i 

31.3 
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offers  an  exception  which  may  be  considerecl  as  recommendatory  of 
it.  It  has  aciinml  so  great  a  degree  of  softness  by  its  decompo- 
sition,  ibat  the  nomerous  shoerls  it  contains  may  be  detached  from 
it  entire*  They  are  hexagonal  prisms,  truncated  perpendicnhir  to 
their  axes,  the  feces  of  which  are  sh'ghtly  striated  lengthwise,  and 
tlieir  colour  is  a  yellowbh  black. 

In  this  lava,  the  base  of  which  appeared  to  me  of  hom*stonet 
another  more  remarkable  peculiarity  presents  itself.  On  breaking 
it,  the  fractures  discover  a  number  of  small  caverns  jewelled,  if  I 
may  employ  the  term>  with  a  multitude  of  extremely  ramute 
shoerls  of  difierent  colours^  some  green,  some  yellow,  others  of  a 
dark  chesnut,  but  all  sfanilar,  being  hexagonal  prisms,  with  rhom* 
boidal  iaces,  and  each  tenainating  in  a  dihedrous  pyramid.  <  Thei^ 
angles  are  regular,  their  faces  shining,  and  in  part  transparent 
They  sometimes  form  geodes  in  the  body  of  the  lava.  To  examine 
them  a  lens  is  necessary,  and  a  good  magnifier  clearly  to  perceivf 
other  shoerb  still  more  minute.  Tliese  are  infixed  in  the  small  ca- 
vities before  mentioned,  and  thongh  they  are  extended  to  a  con- 
siderable length  ill  front  of  the  others  before  described,  are  so 
mmute  and  numerous  that  a  single  cavity  will  contain  a  hundred  of 
them.  Every  one  of  both  these  kind  of  shoerls  has  one  extremity 
fixed  in  the  lava,  and  the  other  in  the  air,  and  all  together  appear 
like  a  wood  in  miniature.  I  was  at  first  in  doubt  whether  I  should 
consider  them  as  shoerb  or  volcanic  glass,  as  more  than  one  instance 
has  been  known  of  such  glass  reduced  to  a  capilhry  minuteness 
within  lava.  But  the  latter  appeared  to  me  improbable,  because 
after  all  die  observations  that  have  hitherto  been  made,  we  are  not 
yet  certain  that  any  volcanic  glass  has  been  ibimd  crystallized;  for, 
with  respect  to  the  pretended  crystaliisatioo  of  some  ghuses  In  Ice* 
land,  we  have  not  fiuits  which  demonstrate  itincontrovertibly.  On 
the  other  hand,  the  minute  corpuscles  I  havedescribed,  if  not  all, 
at  least  those  which  from  then*  larger  siM  are  more  descemiMe 
by  the  eye,  have  a  prismatic  figure,  and  analogy  most  induce  us  to 
conclude  the  same  of  the  rest. 

I  incline  to  believe  these  infinitesimal  arystallixations  produced, 
after  the  cooling  of  the  lava  withhi  the  cavity  in  which  they  are 
found  from  extremely  subtle  shoerbceous  sediments  by  the  filtra- 
tion of  water. 

dL  4 
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XL  The  oolites,  nMitioiied  in  No.  V.  Ue  in  oertaio  snoU  cbmh 
neb  of  SoUatan,  throogb  which  the  water  niii»  wbenit  nioa.  Thej 
are  either  round,  or  aomewhat  flaiteoed :  rather  more  than  half  an 
faich  in  diameter^  white  as  snow,  extremelj  light»  easily  cnunhkd, 
and  convertible  mto  an  almost  impalpable  powder.  They  adhere 
strongly  to  thr  tongue,  and  are  composed  of  a  nombcr  of  thki  scales. 
The  formation,  therefore,  of  this  volcanic  stalactites  does  not  differ 
from  that  of  the  other  species. 

It  would  be  superfluous  to  speak  here  of  the  sulpbata  of  Imte 
adhering  to  some  kinds  of  lava,  or  of  the  sulphate  of  iron  and  the 
oxyde  of  red  sulphurate  arscfuic,  as  these  productions  of  Sol&taia 
have  already  been  sufficiently  exammed  and  described  by  othersb  and 
I  have  no  particular  observations  concerning  them  which  merit  to  ha 
mentioned. 

XII.  It  is  not  uncommon  to  find  at  Sol&tara  pumices  of  varioas 
species ;  and  it  is  more  probable  that  they  have  been  throwu  out  of 
thu  volcano  than  from  any  of  the  others.  We  do  not  find  them  in 
great  masses,  as  in  other  places,  but  in  detached  pieces  and  frag- 
ments. I  shall  only  remark  one  particular  relative  to  them^  as  it 
appears  to  me  that  in  every  other  respect  they  perfectly  resemble 
those  already  known.  We  now  know  that  pumice  is  only  a  glass 
which  wants  but  little  of  being  perfect;  and  seems  to  requiK  only 
a  degree  more  of  heat  to  become  such.  The  transition  from  glass 
less  perfect  to  perfect,  tuny  tie  perceived  in  some  of  these  |Hiniiccs 
in  a  very  evident  manner.  In  some  places  their  texture  is  fibrous, 
and  the  fibres  are  vitreous ;  but  without  that  smoothness,  that  lustre, 
and  that  degree  of  transparency,  which  are  inseparable  from  vulcanic 
glasses.  But«  following  them  with  the  eye,  we  perceive  them  con- 
solidate, here  and  there,  into  masses  of  various  sixes,  wUcU  li  semble 
a  shining  and  smooth  varnish,  but  are  in  fact  perfect  glass,  as  will 
sufficiently  appear,  if  they  be  detached  from  the  pumice,  and  ex« 
amined  separately.  These  are  sufficiently  hard  to  give  sparks  with 
steel,  a  property  observable  in  every  volcanic  glass. 

Having  now  described  the  principal  productions  of  the  interior 
part  of  Solfatara,  I  shall  proceed  to  make  a  fow  observations  on 
some  which  are  found  in  its  exterior ;  in  that  part  which  b  next  to 
the  Pisciarelli,  so  called  from  the  warm  bubbling  water  which  issues 
with  some  noise  from  the  bottom  of  a  little  hill  contiguous  to  this 


THE  NATUEB  OF  VOLCANIC  Hf  ATERIALS.  521 

fniotDOy  auci  which  has  been  long  celebrated  for  its  medicinal  vir- 
tues.  I  collected  here  specimens  of  five  kinds  of  lava ;  but,  as  in 
their  general  qualities  they  are  analogous  to  those  already  described, 
I  shall  only  mention  them  in  a  cursory  manner. 

XIII.  The  first  specimen  is  a  simple  or  homogeneous  lava,  in 
which,  notwithstanding  the  most  careful  examination,  I  could  not 
discover  either  shoerls,  feltspars,  or  any  extraneous  body.  lu  other 
respects,  like  those  before  mentioned,  it  b  decomposed,  adheres  to 
tlie  tongue,  is  friable,  but  without  crumbling  under  the  finger ;  its 
whiteness  extends  through  its  whole  mass,  and  wherever  it  is  broken 
has  the  taste  of  sulphate  of  aiumine,  (or  alum). 

XIY.  The  second  specimen,  through  nearly  half  of  it,  exhibits  a 
similar  decomposition,  and  is  of  a  white  colour ;  but  the  other  haU; 
which  is  of  a  lead  colour^  has  sufiered  little,  gives  sparks  strongly 
with  steel,  and  moves  the  magnetic  needle  at  two  Hues  distance. 
This  hiva  has  for  its  base  the  petrosilex.  Both  that  part  of  it  which 
is  slightly  decomposed,  and  the  other  which  is  more  so,  contain 
fhomboidal  feltspars,  of  which  the  largest  are  about  an  inch  in 
length.  Their  alteration  is  scarcely  visible  where  the  lava  is  least 
changed ;  and  where  it  is  more,  they  exfoliate  with  some  ikcililyp 
but  retain  a  considerable  degree  of  their  natural  hardness  and 
splendour. 

XV.  The  third  specimen  is  a  lava  of  a  dark  grey  colour,  siliceous 
where  fractured,  very  compact^  and  whidi  gives  sparks  with  steel. 
It  is  of  a  petrosiliceous  basei  and  contains  abundance  of  feltspars 
and  shoerls.  But  to  shew  these^  It  is  necessary  to  divest  it  of  a  thick, 
whitish,  and  half«pulverous  crust,  produced  by  its  decomposition. 
In  this  crust  the  shoerls  and  feltspars  retain  some  consbtenoe,  bnt 
have  lost,  in  a  great  degree,  their  lustre. 

XVI.  Tlie  fourth  specimen  contains  within  it  a  nnclens  of  a  deep 
led  colour,  of  the  hardness  and  appearance  of  tlie  carbonates  of 
lime  (calcareous  earths),  of  a  fine  grain,  but  which  is  not  dissolved  or 
affected  by  acids,  nor  yields  sparks  with  steel.  It  attracts  the  mag- 
netic needle  at  the  distance  of  one  line.  It  contains  a  number  of 
SMtmnn,  through  which  has  penetrated,  together  with  water»  a 
quartxous  matter,  which  has  consolidated  into  a  serai-transparent, 
and  somewhat  rough,  covering.  In  this  lava,  which  is  but  little  de* 
composed,  an  found,  dispersed,  a  number  of  small  masses  of  sul- 
phur of  iron* 
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XVIL  amttt  AMJh  m  kfgc  qyitriiiaui  ftliipMii  n  r  ff  ijg 
triMlMoe  of  thb  knt  km,  winch  ii  ■onMlwt  {Mmh^  Wt 
dntl  J  tod  to  ghre  qMtki  wilk  ilML   Itboowraiiritlift 
jdlow  cnul,  which  thkct  off  with  o  Jdril^ 
tve  hM  pewtnted  to  Hi  mUbitmiI  poit^  whicl 

glOQtld* 

lii  tb€fe  faimt  of  PiitincUi»  Ilio  deoonpMitkMi 
■mch  iBOfe  comidcrable^  teo  m  tho  frltym 
thty  oootahi  within  tkoB. 

1  do  aot  pratcnd  to  bt  cMahi  tint  I  havo  mnmmmttA  til  Iho 
wpmtB  of  lam  to  be  fimiid  at  SoMatam :  it  it  powible  thare  wmf 
lie  otheis  onobterfad  bj  aw.  I  am  penaadcd,  bowamr,  ttat  I 
bam  ddcribcd  the  principal ;  and  siich  at  eaaUe  me  In  dadma 
ftom  thehr  ^paKtiet  the  fbUowiaf  €onchMioaft< 

1.   Alnoet  all  the  species  of  lam  hithorto  deecribed,  ate  aMn 
or  less  de€onposed»  and  thb  decoaqiositian  is  nsnally  armmpaaiid 
with  a  propoitiooable  degree  of  whitenisi»    This  obaarvatioa  to 
been  amde  by  semial  anthon ;  and  first  by  Sir  WiUtoi  Haanhon, 
and  M.  Ferber,  who  have  eadeavoared  to  aoeoapit  ibr  the  fiict  by  at 
mry  pfamsible  reason,  which  is,  tto  tibe  snlphnwoai  add  mpasn^ 
which  issue  firon  SoUataia,  and  most  ham  been  piodneed  in  an  m- 
finitely  greater  quantity,  when  the  oonflagration  was  at  its  Imght, 
penetrating  the  km  by  degrees,  have  insensibly  soAencri  k,  and 
given  it  a  white  colour.    And,  in  fiK:t,  aimikr  changes  are  observed 
to  take  pkce  in  a  piece  of  black  kva,  exposed  for  a  sufficient  tine 
to  the  fumes  of  burning  sulplmr.   But  it  does  not  hence  fellow  tto 
tto  km  will  be  changed  into  an  argillaceous  snbstsaoe,  as  the 
nhove^mentioned  Swedisli  philosopher  would  hamusbehem;  smoe, 
from  a  chemical  analysis,  it  appears  that  an  earth  of  that  k'md,  com- 
bined with  other4>rinciples,  pre-existed  in  it,  and  has  only  been  ren- 
dered manifest  by  the  diminution  of  aggregation  produced  by  the 
before-mentioned  mpours. 

It  is  likewise  not  strictly  true  that  the  walls,  or  inehising  sides,  of 
Solfatara  are  every  where  white  and  decomposed^  as  we  might 
mfor  from  the  description  of  M.  Ferber.  Those  who  look  tmsaid 
the  south,  mdeed,  are  so,  but  not  tliose  which  are  situated  in  ano- 
tiwr  direction,  and  especklly  those  which  front  the  north,  which  are 
of  a  bkckish  colour,  and  little,  or  not  at  all,  deeao^iosod.  The 
Abb^  Breislak,  Director  of  Solfatara>  who  accompanied  wo  when  I 
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made  my  observations,  suggested  a  very  probable  reason  for  this 
diversity  of  appearance  in  the  different  sides,  observing  that  the  sul- 
phureous acid  is  less  powerful  to  effect  the  decomposition  of  lava« 
and  requires  longer  time,  when  the  lavs  has  considerable  humidity ; 
which  humidity  must  be  much  less  on  the  southern  side,  wiiere  the 
heat  of  the  sun  is  greatest  In  fact,  he  exposed  a  piece  of  soKd 
lava,  to  a  very  humid'  sulphureous  exhalatiou,  at  Solfatara, 
during  two  months,  without  producing  in  it  the  least  decompo- 

sition. 

2,  The  observations  I  have  made,  convince  me  that  the  alterations 
here  described  always  take  place  in  the  upper  part  of  the  lava ;  and 
that,  in  proportion  as  we  penetrate  downwards  into  it,  they  become 
gradually  less,  and,  at  a  certain  depth,  entirely  cease.  Tin's,  at  first 
view,  does  not  appear  to  accord  with  the  effect  of  sulphureous  va* 
pours,  which,  nsing  from  tlie  bottom  of  Solfatara,  and  passing 
throogb  the  lava,  might  be  expected  to  cause  a  greater  chan^  ia 
the  lower  parts  than  the  higher,  from  their  having  there  greater  heatg- 
and  consequently  beiiq^  more  active.  But  we  must  consider  iImH 
this  may  indeed  be  the  nature  of  their  action,  where  the  lavtf 
is  spongy,  or  at  least  veiy  porous,  but  not  where  it  is  compact,  and 
almost  impenetrable  to  such  vapours }  as  is  that  of  Solfatara.  And, 
in  fact,  we  find  that  the  sulphureous  fumes  which  arise  tliere,  do  not 
issue  from  tbe  body  of  the  lava,  but  always  from  fissures  or  aper- 
tures in  it,  or  the  subjacent  tiifii.  These  impediments,  theretbrcw 
prevent  them  from  acting  except  on  the  surface,  when,  Issuing  forth, 
they  are  driven  over  it  by  the  wind,  and,  penetrating  the  lava,  in  » 
long  course  of  tufne,  produce  the  changes  hi  question.  We  meet 
with  few  decomposed  lavas,  within  which  we  do  not  find  firagHient» 
of  8u)phur  adherent,  condensed  tliere  by  the  acids  above-mentioned, 
and  which  are  of  the  same  kind  with  that  produced  in  such  abun* 
dance  in  Soliiitnra. 

But  what  productive  cause  shall  we  assign  for  those  sulphureous 
vaponrSy  the  slow  destroyers  of  the  lava,  which  continually  issoe 
from  a  number  of  fissures  in  Solfatara,  in  the  form  of  hot  white 
fames  ?  I  can  eoBceive  no  principle  to  which  they  can  with  greater 
probabSity  be  ascribed  tban  those  sniphures  of  iron,  (pyrites),  which 
abound  at  the  bottom  of  the  volcano,  and  decomposing,  in  coose« 
qnence  of  a  mixture  with  the  subterraneous  waters^  slowly  infhi 
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It  lias  been  observed  Uiat  tfie  bouies  of  Pompeii,  long  ^npt  over- 
%1'helincd  by  Vesuvius,  and  now  iu  part  dog  into  and  cleared,  are 
tbuud  to  Jjave  beeu  built  of  lava.  I  bave  ascertained  this  fact  on 
the  spot.  They  are  of  a  reddish  colour,  very  dry  to  the  touch,  and 
some  of  I  hem  will  crumble  under  the  finger,  evident  proofs  of  the 
change  they  have  undergone  ;  but  no  such  ^Iferatioii  has  taken 
place  in  the  shoerls  they  contain ;  they  still  retain  the  hardness  and 
glassy  splendour  which  is  appropriate  to  that  stone. 

We  likewise  know  that  the  feltspan  are  indestructible  by  the  air, 
as  appears  in  the  porphyries  of  which  they  are  a  part. 

4th.  I  have  already  remarked  that  the  lavas  of  Solfatara  usually 
have  for  their  basis  the  |ietrosilex  and  the  hom*stone.  I  shall  add, 
that  I  have  also  met  with  the  granite  in  them,  though  not  in  a  large 
mass,  but  in  small  detached  pieces,  which  induced  me  to  doubt 
whether  they  properly  belong  to  this  volcano ;  and  as  they  likewise 
appeared  to  me  untouched  by  tlie  (ire,  I  rather  inclined  to  believe 
them  adventitious.  This  granite  consists  of  two  substances,  quarts 
and  slioerl. 

But  another  production  must  not  be  forgotten,  which  forms  large 
heaps  on  one  side  of  the  internal  crater  of  this  volcano.  This  is  an 
ash*coloured  tufa,  of  a  middling  cousintencc,  in  strata  of  various 
thickness,  with  the  superficies  of  eaqh  stratum  covered  with  a  black 
crust,  in  which  may  be  discovered  manifest  vestiges  of  plants.  The 
Abb4  Breislak,  who  first  observed  this  tufii,  aAer  having  shewn  it 
me  on  the  spot,  gave  me  some  of  these  impressions  of  plants  to  exa^ 
muie,  conjecturing  them  to  be  some  species  of  the  alga  marina^  or 
sea-weed.  While  I  was  at  Naples,  I  had  not  sufficient  time  to  make 
an  accurate  examination  of  them;  but  this  I  afterwards  made  at 
Pavia,  from  several  specimens  of  the  same  tufa.  Some  parts  exhi* 
bited  only  the  impressions  of  plants,  but  in  others  I  found  leaves* 
They  are  striated,  with  striae  running  lengthwise,  and,  when  toucted 
with  tlie  point  of  a  needle,  easily  break,  and  ap^iear  converted  into 
a  carbonaceous  substance.  At  first  I  doubted  whether  they  were 
plants  of  the  alga;  but,  on  examining  them  agahi  carefully  with  a 
lens,  and  comparing  the  leaves  found  in  the  tufa  with  those  of  the 
natural  alga,  I  was  fully  convinced  they  were. 

This  observation  appeared,  both  to  me  and  the  Abbe  Breislak,  to 
be  of  considerable  importance ;  since  we  may  copclude  from  it,  that 
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